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Inorganic-organic hybrid metal halide materials have been of great interest 
recently due to the useful properties offered by such a combination. The inorganic 
portions usually consisting of MX62- subunits, (M = Pb, Sn, Cd, Cu; X = Cl, Br, I) most 
often form 2-D perovskite layers where the metals are bridged by corner sharing halides. 
The organic portion, usually consisting of primary amines or anilines provides a template 
for the inorganic framework and in some cases, dictates the dimensionality (2-D, 1-D, 0-
D) of the network. These materials have various applications in host-guest chemistry 
catalysis, and gas storage, or as superconductors or quantum dots.  
 
 It has been established by the Beatty group that it is possible to alter the metal 
halide assembly by changing the size of the substituent ortho to an aniline/amine group. 
Cadmium chloride complexes can be transformed from 2-D to 0-D based on the size of 
the substituent ortho to the nitrogen on a dianilinium complex. When the substituent in 
the ortho position is small (H) a perovskite layer is formed (Cd-Cl distance 2.4-2.7 Å). If 
the substituent is changed to a methyl group the [CdCl6]2- layer expands (Cd-Cl distance 
3.14-3.87 Å). If the group is changed to a larger ethyl group, the steric bulkiness of the 
group causes the layer to collapse into a hexameric cluster with Cd-Cl distances that are 
slightly shorter than that of the expanded layer while still being longer than that of a 
normal perovskite layer (2.8-3.04 Å). To determine if this phenomenon occurs generally, 
we have used metal halides such as CdX2 and CuX2 (where X = Cl, Br, I) with a number 
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1.1 Overview of Research Goals 
This dissertation work focuses on creating cadmium chloride compounds with 
ortho-substituted anilines and dianilines in order to better understand how the ortho 
substituent affects the dimensionality of the network. To date, the majority of research 
involving metal halides has been in creating 2-D layers using narrow counter ions. Our 
focus is on creating structures of other dimensionalities (1-D and 0-D) by varying the size 
of the ortho group.  
 
The specific objectives of this work are detailed below:  
1. Grow crystals and determine the crystal structures of cadmium chloride with ortho-
substituted monoamines, where the ortho group is a hydrogen, methyl, ethyl, 
isopropyl, t-butyl, or phenyl substituent  
2. Grow crystals and determine the crystal structures of cadmium chloride with ortho-
substituted diamines, where the ortho group is a hydrogen, methyl, ethyl, isopropyl, 
t-butyl substituent  
3. Analyze the crystal structures of the monoamines and diamines via single crystal 
X-ray diffraction to:  
a. Establish any differences between the following:  
i. Differences/similarities between structures having the same substituents  
ii. Differences between structures having different substituents  
iii. Differences between mono- vs. di-amine structures  
b. Relate persistence of motifs to:  




ii. Metal to chloride ratio  
iii. Metal halide density/volume  
1.2 Supramolecular Chemistry 
Supramolecular chemistry, often described as "chemistry beyond the molecule", 
involves the chemistry of intermolecular bonds and interactions.1 This area of research 
focuses strongly on using non-covalent interactions to create supermolecules or to 
develop an extended array of molecules. The term supermolecule refers to a 
supramolecular assembly containing two or more molecules that are non-covalently 
bonded.1 These, often weak, non-covalent interactions are typically of the following 
types: ion-ion (100-350 kJ/mol), ion-dipole (50-200 kJ/mol), dipole-dipole (5-50 kJ/mol), 
hydrogen bonding (4-120 kJ/mol), cation-π (5-80 kJ/mol), π-π (0-50 kJ/mol), and van der 
Waals forces (<5 kJ/mol).1-3 A supramolecular synthon is described as the structural units 
within a supermolecule which can be formed by synthetic operations involving 
intermolecular interactions.4 Crystalline solids can be thought of as supramolecular 
systems. In a single crystal, a nearly perfect assembly of millions of molecules are held 
together through long range, non-covalent forces.5 Understanding these non-covalent 
forces allows for the prediction, design, and synthesis of new crystalline solids through 
crystal engineering. 
   These non-covalent interactions represent a basic tool set which can be used in 
constructing supramolecular or organic-inorganic hybrid compounds. Recently, interest 
in the development of compounds with halogen bonds has increased.6-8 Before the early 
2000’s halogen interactions were considered too weak to be effective in crystal 
engineering.9 In fact, the number of papers mentioning halogen bonding was only 10 in 
the year 2002.8 It is now considered to be an additional tool in the field of supramolecular 3 
 
 
chemistry.10-18 Halogen bonding (XB) is considered to be the non-covalent interaction 
which involves a halogen atom as the electrophile.8 The halogen bond can more 
accurately be described by Y-X···A, where X is the XB donor atom and A represents the 
nucleophilic XB acceptor atom.9 It is known that the electron density surrounding a 
halogen bonding atom is anisotropicaly distributed around the covalently bound atom.19,20 
This results in a region of positive electrostatic potential along the extension of the 
covalent bond, known as a σ-hole.8,20 This positive σ-hole can interact with a negative 
region on a nucleophile forming the halogen bond.8,20 
One of the most influential bonds in terms of crystal packing, is the hydrogen 
bond. This bond, in conjunction with the molecular shape, frequently dictate the crystal 
packing of a molecule. Often the impact of a hydrogen bond can be seen via a distortion 
in bond lengths on a metal center. A study of how hydrogen bonds can distort the 
coordination geometry was performed using a series of isostructural compounds of the 
formula, [M(L1)4(H2O)][SO4]•2H2O (M = Co, Ni, Cu, Zn) (Figure 1.2.1).21,22 During this 
study it was found that at low temperatures (4 K) near-linear hydrogen bonds are 
present.21 This causes a distortion of the geometry of the metal center resulting in a 
lowering of molecular symmetry. In fact, at room temperature, these compounds display 
four-fold symmetry (P4/n), but at 4 K only two-fold (P-4) symmetry is observed.21,22 A 





Figure 1.2.1. Plot of repeating [Ni(L)4(H2O)2]2+ unit at 120 K. Reproduced from 
reference 21.  
Table 1.2.1 M-OH2 bond lengths in [M(L1)4(H2O)][SO4]•2H2O (M = Co, Ni, Cu, Zn) 
Metal M-O(1) * Å M-O(2) * Å Δ M-O Å 
Co 2.077(3) 2.127(3) 0.050 
Ni 2.077(4) 2.121(4) 0.044 
Cu 2.281(3) 2.462(4) 0.181 
Zn 2.133(4) 2.188(4) 0.055 
*O(1) is the aquo ligand situated within the cavity. O(2) protrudes from into the cavity 
from the next molecule along the chain.  
 
1.3 Crystal Engineering 
The goal of crystal engineering is to develop an understanding of the relationship 
that exists between a single molecule and the resulting structure, and the properties of the 
formed crystal.23 In order to better understand this concept one must be able to determine 




similar structures, understand the structure in terms of designing a particular motif, and 
understand the pre-desired crystal property.5  
The popular emergence of crystal engineering in the late 1980’s can be traced 
back to two huge breakthroughs in X-ray crystallography. The first was the relative ease 
of determining crystal structures. This was largely due to advancement in computer 
controlled single crystal diffractometers and the advancement of computational programs 
such as the development of Direct Methods for programs such as SHELX.5,24 The second 
major advancement in the late 1980’s was the formation of the Cambridge Structural 
Database (CSD).25,26 The CSD is widely used for data mining of crystal structure 
information. It allowed the possibility of analyzing multiple crystal structures to 
determine if any recurring patterns could be found, thus creating a foundation for crystal 
structure prediction to be formed.  
Perhaps one of the most influential chemists in the field of crystal engineering is 
Gautam R. Desiraju. In fact, his book Crystal Engineering. The Design of Organic Solids 
is considered to have motivated most modern crystal engineers.5,27 This book makes 
several interesting points on the nature of crystal engineering. The first is that Alexander 
I. Kitaigorodskii’s principles on close packing predominantly govern crystal structures.27 
However, any deviations from close packing are important as they can lead to the 
engineering of these structures in a systematic manner. The second major point made is 
that directional interactions (for example hydrogen bonding) are anisotropic and lead to 
deviations from close packing.27 These interactions are what need to be manipulated 






1.4 Overview of Steric Effects 
In chemistry, steric effects have had a tremendous impact. When substituents on a 
molecule affect the chemical or physical property (structure, rate, or equilibrium 
constant) of another molecule, this is deemed to be due to steric effects.28 Sterics have 
influence in several broad categories of chemical phenomena: kinetics, bonding (both 
organic and inorganic), coordination geometry, and reactivity.29-35  
Steric effects can alter the rates and activation energies of chemical reactions, 
dictate reaction pathways in synthesis, and determine coordination numbers.36 In a 
reaction, the steric effect occurs when there is a difference in steric energy between the 
reactants and the transition state (or products). This may affect the rate of a reaction, 
causing either an increase or decrease in rate. This can occur when any of the following 
are present: non-bonded repulsions, bond angle strain, bond stretches, or compressions.36 
Coordination numbers lower than four on a metal tend to be found with bulky ligands, 
which cannot bind in greater numbers without prohibitive steric interference between 
ligands.37,38 Large ligands favor low coordination numbers and distortions from 
electronically preferred geometries. Polyatomic ions such as [CuBr4]2- and [Ni(CN)4]2-  
are most stable electronically in a square planer geometry, yet steric effects cause them to 
distort to the tetrahedral geometry which is less sterically hindered.36 Spectator ions can 
be used to block central sites of a metal center, to allow for a specific set of sites to be 
available for other ligands, allowing the desired reactions to occur. For example, when 
binding tridentate ligands, steric effects from ligands already present on an octahedral 
metal center, or spectator ions, can dictate if the ligand binds in the meridional (pincer 




effects of phosphines have been shown to play an important role in reactivity of 
catalysts.41-44 An important step in quantifying this effect was the development of the 
cone angle theory by Tolman. The Tolman cone angle is defined as the angle formed 
between a metal at a vertex point and a hydrogen atom located at the perimeter of a 
cone.45 The term was coined by Chadwick A. Tolman regarding his work with 
phosphorous containing metals. In general, large angles correlate with high steric bulk 
while small cone angles correlate with low steric bulk. Large bulky groups such as 
P(C6F5)3 have cone angles ~ 185 ̊ while smaller ligands such as PMe3 have a much 
narrower cone angle of ~ 118 ̊.36,45,46 
1.5 Steric Effects in Organic Chemistry 
Perhaps the most popular example of steric effects in organic chemistry is the SN2 
reaction of primary alkyl bromides with alcohols. In general, primary alkyl bromides are 
very reactive towards SN2 reactions such as the one shown in Scheme 1.5.1. However, 
neopentyl bromide is virtually inert to this reaction. This is due to the bulky t-butyl group 
on the primary carbon, which creates a more highly hindered transition state, in turn 
increasing the activation energy of the reaction.  The electronic effects of the substituent 
can be neglected because when an acetylenic linkage is added between the two groups the 
compound is highly reactive towards SN2 type reactions, although the donor ability is 
similar. If it were an electronic effect it would not react, thus proving the extraordinary 







Scheme 1.5.1. (1) SN2 reaction of a primary alkyl bromide. (2) SN2 reaction of neopentyl 
bromide. 
In general, steric effects have an effect on nucleophilicity. If a nucleophile is 
bulky, such as a tert-butoxide ion, it cannot easily approach the back side of a carbon. 
Thus, even though tert-butyloxide ion is a stronger base than an ethoxide ion, it is a poor 
nucleophile in SN2 reactions, because it is so sterically hindered. 
1.6 Steric Effects in Organometallic Chemistry 
Steric effects on structure and reactivity in organometallic compounds can be 
illustrated by comparing the binding of triphenylphosphine (PMe3) ligands versus 
tricyclohexylphosphine (PCy3) ligands. Typically, five or six of the much smaller PMe3 
ligands can bind to a metal to form a stable complex. In the case of P(C6H11)3 only two, 
or in some cases, three of these ligands can bind to a metal at the same time.  This is 
attributed to the increased bulk from the C6H11 groups. These bulky, sterically hindering 
groups often serve as spectator ligands and block specific sites of an octahedron. This 
allows for a specific set of sites to become available for the actor ligands allowing the 
wanted chemistry to occur. Spectator ligands are usually polydentate with donor atoms 
arranged at specific sites. For example, the tridentate ligands shown in Figure 1.6.1, 







Figure 1.6.1. Common ligands and their binding preferences. 
 
Bulky ligands can also provide stability to organometallic complexes by blocking 
associative decomposition pathways from occurring. For example, the Ni(II) square 
planar complex shown in Figure 1.6.2 is vulnerable in the z direction perpendicular to the 
plane to attack. In the first Ni(II) complex, this pathway is blocked by ortho-methyl 








Figure 1.6.2. A) Ni(II) square planar complex with ortho-methyl groups blocking in the z 
direction. B) Ni(II) square planar complex which is vulnerable to attack in the z direction. 
1.7 Steric Effects in Inorganic Chemistry 
Each coordination number for metal complexes has one or more coordination 
geometries that can be associated with it. The steric effects of the associated ligands can 
determine the preferred coordination geometry of a metal. For transition metals, the 
maximum coordination number is nine (a transition metal only has nine valence orbitals), 
and relatively small ligands such as hydrogens are needed to achieve this number, e.g., 
nonahydrido rhenium (VII) [ReH9]2-). When bulkier ligands are used, coordination 
numbers lower than four tend to be found, e.g. tris(tricyclohexylphosphine)platinum (0) 
(Pt(PCy3)2). 
1.8 Perovskite Structures  
Inorganic-organic hybrid compounds have attracted much attention over the 
years.47-50 These compounds have useful properties and potential applications, making 
them highly desirable. Hybrid compounds can offer a diverse structural motif that, with 
an understanding of coordination chemistry and crystal engineering, can be predicted and 
designed for specific properties.27,51,52 Using a combination of coordination bonding and 




ranging from zero-dimensional (0-D) to three-dimensional (3-D). One of the most 
common structural motifs found is that of the versatile perovskite structure. 
A typical perovskite structure has the general chemical formula AMX3 where A is 
a cation which form extended 3-D networks. These networks consist of MX6 octahedral 
which connect to the next MX6 unit through corner-sharing (Figure 1.8.1).  The vacancies 
that are formed in this 3-D network between octahedra are occupied by the A cations 
present. The size of the hole formed also limits the size of the cation that can be present; 
typically only small organic (three or less C-C or C-N bonds) or alkali metal cations can 
fit.53  
Figure 1.8.1. Model of a 3-D AMX3 type perovskite unit cell.  Reproduced from 







The research discussed in the following chapters concerns the synthesis of metal 
halide networks using a combination of metals, halides, and organic cations. These form 
crystalline solids which were studied to answer the following questions: 
1. Can we grow crystals and determine the crystal structures of cadmium chloride 
with ortho-substituted monoamines, where the ortho group is hydrogen, methyl, 
ethyl, isopropyl, t-butyl, or phenyl? 
2. Can we grow crystals and determine the crystal structures of cadmium chloride 
with ortho-substituted diamines, where the ortho group is hydrogen, methyl, 
ethyl, isopropyl, t-butyl?  
3. a) Is it then possible to analyze these structures to determine: 
i. Differences/similarities between structures having the same 
substituents?  
ii. Differences between structures having different substituents?  
iii. Differences between mono- vs di-amine structures.?  
   b) Can the persistence of motifs be related to:  
i. Metal to cation ratio 
ii. Metal to chloride ratio  
iii. Metal halide density/volume 
4. Can these principles be applied to metal halide systems beyond cadmium 
chloride?   
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The work in this chapter focuses on creating cadmium chloride compounds with 
ortho-substituted monoanilines, in order to better understand how the ortho substituent 
affects the dimensionality of the network. To date, the majority of research involving 
metal halides has been in creating 2-D layers using narrow counter ions. Our focus was 
on creating structures of other dimensionalities (1-D and 0-D), by varying the size of the 
cation group. More specifically, the objective was to grow crystals and determine the 
crystal structures of cadmium chloride with ortho-substituted anilines, where the ortho to 
the amine group is a hydrogen, methyl, ethyl, isopropyl, t-butyl, or phenyl substituent. 
These samples were then analyzed via single crystal X-ray diffraction. This analysis has 
allowed us to establish differences/similarities between structures having the 
same/different substituents. It has also allowed us to relate the persistence of motifs to 
metal to cation/halide ratio and metal halide density/volume. 
An excellent example of crystal engineering and steric effects can be found in the 
work of Stephen Lee. Lee’s work with crystal structure prediction based on hydrophobic 
groups is the supramolecular version of steric effects. Lee’s group focuses on the 
prediction of crystal structures, which is known to be a difficult task. Sterics play a large 
role in this, as small intermolecular interactions can lead to large changes in the crystal 
packing, making prediction quite difficult. The Lee group is attempting to rationalize the 
prediction of crystal structures by focusing on the sterics involved in 
hydrophobic/hydrophilic interactions.1 He has found that of the structures reported in the 




topologies are spherical (s), columnar (c), lamellar (l), and cubic bicontinuous (bi) 
(Figure 2.1.1).  
 
Figure 2.1.1. Drawings of the following topologies: spherical (s), columnar, (c), lamellar, 
(l), perforated layers (pl), and cubic bicontinuous (bi). Reproduced from reference 8. 
In each of these topologies there are two domains with a clear interface between 
them. For each interface, the mean curvature (the sum of the curvature of the two surface 
principal axes) is constant. For more linear structure types (lamellar/ cubic bicontinuous) 
the curvature is constant and formally zero. The Lee group is examining the role of this 
constant curvature in amphiphilic molecules. From all the structures analyzed, Lee noted 
that chemical systems tend to contain two immiscible components, one hydrophobic and 
the other hydrophilic.1 These components are in contact with one another resulting in 
crystal structures with two domains. The hydrophobicity of these two components are 





The two domains present in most of these structural motifs can be quantified 
using two calculated variables. The first variable is a result of the high free energy 
interface found between the two domains. This variable is defined as χN where χ is the 
Flory-Huggins interaction parameter and N is the number of monomer units in the 
polymer.2 When a high χN value is found, the free energy between the two domains is 
large. As a result, the surface area between the two domains is minimized and a constant 
curvature structure is found. The second variable that can be calculated is also a result of 
the high free energy of the interface. The two immiscible components found within these 
structures results in two components of different hydrophobicities. The hydrophobicity of 
these two components are often different enough that a variable can be formed. This is 
expressed as the hydrophobic-to-total-volume ratio.1 
In the case of polystyrene-polyisoprene block copolymers, the spherical phase (s) 
is found when the polyisoprene-to-total volume ration is low (~25 %, Figure 2.1.2).1 As 
the ratio is increased, the columnar (c) structure (~33 %, Figure 2.1.2) is found followed 
by the cubic bicontinuous (bi) (~ 40 %, Figure 2.1.2), and lamellar (l) phases (~50 %, 






Figure 2.1.2. Phase diagram for polystyrene(PS)-polyisoprene di-block copolymer as 
a function of PS-to-total volume ratio.  Reproduced from reference 1. 
To see if this trend occurred generally, Lee developed an algorithm to determine 
both the hydrophobic-to-total volume ratio and the structural motif for small molecule 
crystals.1 Using the CSD, Lee analyzed 120 systems that consisted of aromatic 
polyethers, aromatic ammonium carboxylates, cyclohexylammonium carboxylates, or 
ether-thioethers. With this data (Table 2.1.1), he demonstrated a strong correlation 
between the structure type and the hydrophobic to total volume ratio.1 Thus it is possible 

















The four examples shown in Figure 2.1.3 demonstrate the ability of constant 
curvature to rationalize architectures.1 The columnar phases of ORCPHA (an aromatic 
polyether, Figure 2.1.3) and LEKSAV (an aromatic ammonium carboxylate, Figure 
2.1.3) are shown.3,4 For both of these structures, the aromatic moieties are organized to 
form column-like structures in the hydrophobic matrix. The lamellar structures shown in 
Figure 2.1.3 are NUFQIO (a thioether) and TEJHIZ (an aromatic polyalcohol).5,6 In both 
structures similar functional groups aggregate together to form lamellar sheets, creating 
an interface between the hydrophobic and hydrophilic regions.  
Table 2.1.1.  Correlation between structure types and 
hydrophobic-to-total volume ratios.1 
Correlation between structure Types and Hydrophobic-to-Total 
Volume Ratios 
Vol ratios (%) s and c pl bi and l 
0-10 1   
10-20 2   
20-30 14  3 
30-40 10 3 10 
40-50 1 6 35 
50-60   12 
60-70   1 
70-80    
80-90    
90-100    
(s = spherical; c = columnar; pl = perforated layer; bi = cubic 
bicontinuous; l = lamellar; ipl = inverted perforated layer; ic = 





Figure 2.1.3. Crystal structures and hydrophobic-to-total volume ratios of the following 
CSD structures a )ORCPHA,3 b) LESKAV,4 c) NUFQUI,5 d) TEJHIZ.6 The hydrophobic 
portions of the structure are red while the hydrophilic portions are green. The large green 
spheres are oxygen atoms, the small green spheres are nitrogen atoms and the red spheres 
are sulfur atoms Reproduced from reference 1. 
The Lee group also examined inorganic compounds such as silver salts 
coordinated to multitopic ligands. Specifically, they analyzed silver salts with non-
coordinating anions ((CF3SO3-), BF4-, and SbF6-) combined with aromatic nitrile 
polyether-polyalcohols.1 Figure 2.1.4 shows twelve of these silver structures in order of 
their hydrophobic-to-total volume ratio. These inorganic compounds were found to 
follow the same general trends as the small amphiphilic molecules mentioned 




seen that a columnar motif is formed. At an intermediate ratio (30 % - 36 %), the 
architecture shifts to a layered structure (Figures 2.1.4 e-j). At higher ratios, the 
architecture again shifts to a bilayer motif (Figures 2.1.4 k-l). This suggests that the 
hydrophobic to total volume ratio is again correlated with the structural motif present.  
As the research described in this chapter demonstrates, an inorganic version of 
these studies is also possible. Varying the hydrophobic content near cation-anion 
interaction sites could affect the structural outcome, i.e. 0-D, 1-D, 2-D, 3-D. The ground 
work for this idea can be related to the work done in creating inorganic-organic hybrid 
materials using metal halides. Using a combination of coordination bonds, hydrogen 
bonds, and steric factors, the dimensionality of the metal halide framework can be 
controlled. These compounds have attracted attention due to their physical properties and 
potential aplications.7-9 Physical properties such as ferroelectricity and variable dielectric 
constants have been shown to have a dependence on crystal structures which can undergo 
structural phase transitions when stimulated by temperature, pressure, and light.10-12 
Potential applications of organic-inorganic hybrid frameworks include gas storage, ion 
exchange, magnetism, catalysis, and molecular sensing.13-21  
Inorganic-organic hybrid compounds have attracted much attention over the 
years.7-9,22 These compounds have useful properties and potential applications making 
them highly desirable. Hybrid compounds can offer a diverse structural motif that, with 
an understanding of coordination chemistry and crystal engineering, can be predicted and 
designed for specific properties.23-25 Using a combination of coordination bonding and 
hydrogen bonding during the synthesis of these structures can result in structural motifs 





Figure 2.1.4. Crystal structures and hydrophobic-to-total volume ratios of silver salts. 
Hydrophobic areas are red, hydrophilic areas are green, and the intermediate moieties are 




More common are perovskite structures of lower dimensionality, which can be 
derived from specific parts of the 3-D perovskite structure.26 These are typically formed 
when the 3-D structure is disrupted by larger cations are used. A common architecture is 
2-D layered perovskite structures which contain MX42- layers that participate in corner 
sharing to the next MX42- octahedra (Figure 2.1.5).27-30 The cations are found between 
these layers and can form bilayers or monolayers (Figure 2.1.5) depending on the 
functionality of the cation. These systems can accommodate much larger cations as the 
distance between the metal halide layers varies to accommodate the cation.  
Mitzi’s group has focused on creating layered structures of Pb(II) or Sn(II) halides 
using small/narrow organic cations.31-36 Mitzi found that when a small cation such as 
C4H9NH3+ is used, metal halide perovskite layers always formed. .31-36 A basic perovskite 
structure contains layers of (typically) corner-sharing metal halide octahedra with organic 
cations spanning the distance between the metal halide layers (Figure 2.1.5). The distance 
between these perovskite layers increased as the length of the cation increased.31-36  In the 
case of Sn(II) perovskite layers, as the number of Sn layers (n) was increased, the 
properties of the compound changed from semiconducting (n<3) to metallic (n>3) 
behavior. Mitzi also found that changing the length of the alkyl chain present can control 





Figure 2.1.5. Model of a 2-D layer type perovskite structure. The left figure 
shows a monoammonium (RNH3+) cation while the right figure shows a diammonium 
(+NH3RNH3+) cation. Reproduced from reference 26.  
Mitzi et al. have derived guidelines for selecting organic cations suitable for the 
formation of 2-D perovskite layers.37 The first is that the cation should contain at least 
one terminal group that can interact through hydrogen bonds with the inorganic anion. 
Most known perovskites contain protonated amines giving the general formula (R+NH3) 
or (+NH3RNH3+) Since protonated amines are a known synthon by virtue of their charge-
assisted hydrogen bonding interactions, these protonated amines form relatively strong 
interactions. 
The ideal hydrogen bonding scheme has the ammonium head group of the cation 
hydrogen bonding to any of the eight halides (four terminal/ four bridging) of the 
inorganic layer.26 Typically, this occurs within the holes that are formed as a result of the 




with either the two bridging halides and one terminal halide (Figure 2.1.6A) or with two 
terminal halides and one bridging halide (Figure 2.1.6B).26   
 
Figure 2.1.6. A) bridging halide hydrogen bonding scheme B) terminal halide hydrogen 
bonding scheme. Reproduced from reference 26.  
The second of Mitzi’s guidelines to produce 2-D layers pertains to the size and 
shape of the organic cation present. The width or the cross sectional area of the cation 
must be relatively narrow (i.e. aniline or methylamine).26 The cation must be able to fit in 
the holes formed in the 2-D layer such that it can interact with the terminal halides. 
Widening the cation causes a disruption to layer formation resulting in the formation of 




perovskite structure suggests that the cations may be playing a templating role in the 
formation of the inorganic framework.26 
Mitzi’s group laid the groundwork regarding ammonium salts of metal halides. 
His group created a variety of layered structures using Pb(II) or Sn(II) halides and small 
or narrow organic cations.26,31-37 Mitzi found that when a small cation such as C4H9NH3+ 
is used, metal halide perovskite layers always formed (Figure 2.1.7).34 In the case of 
Sn(II) perovskite layers, as the number of Sn layers (n) was increased, the properties of 
the compound changed from semiconducting (n < 3) to metallic (n > 3) behavior.26,32,33 
Mitzi also found that changing the length of the alkyl chain present can control the degree 
of coupling between conducting perovskite layers. In cases such as with Pb(II), Sn(II), 
and Ge(II) halide perovskites with organic cation layers, photoluminescence in the visible 
spectral range occurs.34 This is due to the radiative decay of excitons associated with the 
band gap of the inorganic perovskite layers.38 In these cases, the organic layers play a 
secondary role in the luminescence by making the structural motif a 2-D layer and 






Figure 2.1.7. Crystal structure of (C4H9NH3)SnI4. The metal halide shown forms typical 
edge shared perovskite layers. Reproduced from reference 34.  
 
Using Mitzi’s work with Pb and Sn halides as a basis for forming 2-D perovskite 
layers, the Beatty group explored using diamines to bridge the layers, instead of the 
monoamines used in Mitzi’s work. What was found, serendipitously, was that using 
organic substituents close to the amine functionality led to the breaking down of these 2-
D structures. The Beatty group used cadmium chloride in place of Sn(II) chloride because 
Cd(II) is stable in air and water. Cadmium has many useful properties such as resistance 
to corrosion, excellent electrical conductivity, and a low melting point.41 A search of the 
Cambridge Structural Database (CSD) reveals 376 chlorocadmate structures with the 
coordination number of cadmium ranging from four to six. While chlorocadmate 




known to exist in the solid state. The coordination numbers of four to six result in the 
following geometries about the metal center: tetrahedral, trigonal bipyramidal, and 
octahedral. The chlorine ligands are found to act either as terminal ligands or bridging 
ligands varying from µ2-Cl to µ6-Cl. These bridging chlorides have been known to 
participate in corner sharing (one Cl atom shared between two metal centers), edge 
sharing (two Cl atoms shared between two metal centers), and face sharing (three Cl 
atoms shared between two metal centers). Cadmium’s versatile coordination ability 
allows for the formation of cadmium structures ranging from 0-D, 1-D, 2-D, and 3-D.  
Many groups studying cadmium chloride complexes do so because it exhibits a 
variety of coordination numbers and geometries depending on many factors such as 
crystal packing, ligands present, and halide dimensions.22,42,43 Several groups studying 
CdCl2 have focused their efforts on examining the electronic properties of these 
compounds. Specifically, examining the impedance, dielectric constants, and the 
electronic band structure of these complexes.22,42,43 
The Beatty group was able to transform cadmium chloride complexes from 2-D to 
0-D by systematically varying the size of the substituent ortho to the nitrogen on a 
dianilinium complex (Figure 2.1.8).44,45 That is, when the substituent in the ortho position 
is small (H) (1), a perovskite layer is formed (Cd-Cl distance 2.4-2.7 Å).45 If the size of 
the substituent is increased by using a methyl group (2), the [CdCl6]2- layer expands (Cd-
Cl distance 3.14-3.87 Å).45 Layer expansion is attributed to be an effect of the methyl 
substituent. If the group is changed to a larger ethyl group (3), the steric bulkiness of the 
group causes the layer to collapse into a hexameric cluster. In this case, the Cd-Cl 




that of a normal perovskite layer (2.8-3.04 Å).45 This hexameric cadmium halide 
structure is unprecedented, as cadmium halide clusters are very rare (only three others are 
known, a similar hexameric cluster with CdCl4 arms extending from each side, a 
triangular trimer, and a linear trimer). 
 
Figure 2.1.8. Expansion of the 2-D perovskite layer, followed by the formation of 
a 0-D hexameric cluster. 
The work of this chapter focuses on the synthesis and results of monoanilinium 
complexes reacted with cadmium chloride. This work continues with the previous 
approach of increasing the size of the ortho substituent on aniline in order to change the 
overall structural motif. The objective is to create new cadmium chloride motifs using 
monoamines rather than the diamines previously used. Anilines with the following 
groups in the ortho position R groups will be used: H(4) , Cl (5), methyl (6), ethyl (7,11), 




analyzed their crystal structures. This allowed us to better understand the role of steric 
effects in relation to the ortho substituent.  
2. 2 Experimental 
All chemicals used, with the exception of solvents, were purchased from Sigma-
Aldrich and were used without further modifications. Methanol and ethanol were ACS 
reagent grade. The hydrochloric acid used was 37 % (12.01 M). The cadmium chloride 
used was CdCl2 · H2O (98 %). Additional X-ray crystal diffraction data can be found in 
Appendix I.  
2.2.1 Synthesis  
To crystalize these compounds, a variety of approaches were utilized; the general 
synthesis is shown in Scheme 2.2.1. A 1:1 molar ratio of aniline:CdCl2 is reacted in a 
solution of alcohol. Acid is then added and stirred into the solution. The solution is then 
filtered and left to slowly evaporate to form crystals. The amount of HCl added to the 
solution is a critical part of this synthesis. If too little is added to the solution, the aniline 
is not protonated and the [CdCl6]2- octahedra cannot form. As a result, the unprotonated 
aniline coordinates directly to the cadmium center. If too much acid is added to the 







Scheme 2.2.1: Synthesis of CdCl anilinium compounds 
Synthesis of 5-10, 12 
Four drops of concentrated HCl (37 %) were added to a solution of CdCl2·H2O 
(0.2 mmol) in methanol (2 mL). In a separate solution, (C6H4NH2R) (R= Cl (5), methyl 
(6), ethyl (7), isopropyl (8, 12), t-butyl (9), phenyl (10) (0.1 mmol) was dissolved in 
methanol (2 mL), the resulting solution was then added to the cadmium solution. The 
mixture was then sonicated for 0.25 h and filtered. Translucent single crystals suitable for 
X-ray diffraction analyses were obtained by slow evaporation of the clear reaction 
filtrate.  
Synthesis of 2,6-diethylanilinium cadmium chloride (11) 
Four drops of concentrated HCl (37 %) were added to a solution of CdCl2 (0.2 mmol) in 
methanol (2 mL). In a separate solution, 2-isopropylaniline (0.1 mmol) was dissolved in 
methanol (2 mL), the resulting solution was then added to the cadmium solution. The 
mixture was then sonicated for 0.25 h and filtered. Light pink single crystals suitable for 





2.2.2 X-Ray Crystallography 
Crystalline samples of 5-7 and 10 were mounted on a MiTeGen dual-thickness 
microloop. Crystalline samples of 8, 9, 11, and 12 were mounted on a glass fiber. All data 
was collected using a Bruker Kappa Apex II X-ray diffractometer. A graphite 
monochromated Mo Kα (λ = 0.71703 Å) radiation at 173 K was used for all samples. 
Using Olex29, the structure was solved by direct methods using SHELXS-9710 and 
refined with SHELXL-9710 using least squares minimization.  
 
Crystal structure determination of compound 5 
Crystal data, 2(C6H7ClN)CdCl4, M = 511.36, orthorhombic, space group Cmc21, a = 
27.5446(14) Å, b = 8.3000(4) Å, c = 7.7892(4) Å, α = 90°, β =90°, γ = 90°, V = 
1780.77(15) Å3, Z = 4, T = 100.0 K, 52499 reflections measured, 9919 unique (Rint = 
0.0356) which was used in all calculations. The final R1 was 0.0586 (>2σ(I)) and wR2 
was 0.1634 for all data. 
 
Crystal structure determination of compound 6 
Crystal data, C6H14NCdCl2, M = 283.48, triclinic, space group P-1, a = 7.5359(5) Å, b = 
12.2473(9) Å, c = 22.8758(16) Å, α = 102.753(3)°, β = 96.825(4)°, γ = 94.896(4)°, V = 
2031.0(2) Å3, Z = 1, T = 100.0 K, 52499 reflections measured, 15467 unique (Rint = 
0.0356) which was used in all calculations. The final R1 was 0.0586 (>2σ(I)) and wR2 




Crystal structure determination of compound 7 
Crystal data, 3(C8H12N)Cd6Cl15·2(H2O)  M = 1626.76, Triclinic, space group P-1, a = 
7.5490(3) Å, b = 14.8320(6) Å, c = 21.2038(8) Å, α = 92.746(2)°, β =98.659(2)°, γ = 
95.246(2)°, V = 2332.64(16) Å3, Z = 2, T = 100.0 K, 511661 reflections measured, 5878 
unique (Rint = 0.0710) which was used in all calculations. The final R1 was 01046 
(>2σ(I)) and wR2 was 0.1208 for all data. 
 
Crystal structure determination of compound 8 
Crystal data, 2(C9H14N)CdCl4, M = 526.63, monolinic, space group C 2/c, a = 
26.3816(8) Å, b = 7.8399(2) Å, c = 26.0776(8) Å, α = 90°, β = 117.3020(16)°, γ = 90°, V 
= 4792.8(2) Å3, Z = 8, T = 100.0 K, 35054 reflections measured, 4904 unique (Rint = 
0.0560) which was used in all calculations. The final R1 was 0.0884 (>2σ(I)) and wR2 
was 0.2748 for all data.  
 
Crystal structure determination of compound 9 
Crystal data, 2(C10H16N)Cd5Cl12, M = 1287.93, monolinic, space group P 21/n , a = 
13.6201(8) Å, b = 11.7293(6) Å, c = 23.8319(15) Å, α = 90°, β = 94.094(4)°, γ = 90°, V = 
3797.5(4) Å3, Z = 4, T = 100.0 K, 71675 reflections measured, 8454 unique (Rint = 
0.1195) which was used in all calculations. The final R1 was 0.1177 (>2σ(I)) and wR2 





Crystal structure determination of compound 10 
Crystal data, C12H12Cd2Cl6·4(H2O) M = 679.81, Triclinic, space group P-1, a = 
6.6820(8) Å, b = 9.7645(11) Å, c = 17.815(2) Å, α = 99.339(7)°, β =99.828(7)°, γ = 
101.609(7)°, V = 1098.4(2) Å3, Z = 2, T = 100.0 K, 4520 reflections measured, 3164 
unique (Rint = 0.0356) which was used in all calculations. The final R1 was 0.0404 
(>2σ(I)) and wR2 was 0.1034 for all data. 
 
Crystal structure determination of compound 11 
Crystal data, 2(C10H16N)Cd3Cl10 M = 992.18, monoclinic, space group P21, a = 
7.0176(10) Å, b = 31.232(4) Å, c = 8.6862(11) Å, α = 90°, β =101.759(6)°, γ = 90°, V = 
1863.8(4) Å3, Z = 2, T = 100.0 K, 36811 reflections measured, 13843 unique (Rint = 
0.0561) which was used in all calculations. The final R1 was 0.1100 (>2σ(I)) and wR2 
was 0.2993 for all data. 
 
Crystal structure determination of compound 12 
Crystal data, 8(C12H20N)Cd3Cl14·2(H2O), M = 2323.90, triclinic, space group P-1, a = 
14.2977(11) Å, b = 15.3956(11) Å, c = 16.608(12) Å, α = 108.368(4)°, β =105.335(4)°, γ 
= 114.098(4)°, V = 2822.4(4) Å3, Z = 4, T = 100.0 K, 74497 reflections measured, 20150 
unique (Rint = 0.0480) which was used in all calculations. The final R1 was 0.0367 






Figure 2.3.1. Left, the asymmetric unit of 4-, Right view along the B axis of the same 
compound.  
The structure of 4 has been described by Beatty in a previous publication.8 The 
asymmetric unit (Figure 2.3.1) shows a [Cd3Cl10]4- linear trimer with 2 anilinium cations 
above the layer and 2 below. The [Cd3Cl10]4- trimer (Figure 2.3.2) is interconnected by 
µ2-Cl bridging face shared chlorides (avg. bond distance of 2.688 Å) and connected to the 
next trimer through µ2-Cl corner sharing chlorides (2.5882 (9) Å), creating a 2-D layer 
with Cd-Cl distances ranging from 2.4962 (9)-2.8926 (9) Å. The aniline is found between 
the [Cd3Cl10]4- layers and is arranged in a sawtooth fashion, with alternating nitrogen 




layers is 7.984 Å. The interconnected trimers form a pocket which the ammonium head 
group of the aniline can hydrogen bond to. The dimensions of this pocket are 
approximately 7.399 x 3.802 Å. Two ammonium groups hydrogen bond to each pocket, 
one above the layer, and one below. Each group bonds to two terminal Cl atoms at a 
distance of 2.412 and 2.413 Å, as well as one bridging Cl atom at a slightly shorter 
distance of 2.246 Å (Figure 2.3.3, Table 2.3.1). 
 
 Figure 2.3.2. View along the C axis of the cadmium chloride layer of 4 where the aniline 




  Figure 2.3.3. A) view along the C axis of the cadmium chloride pocket of 4 in which 







Figure 2.3.4. Left, the asymmetric unit of 5. Right, view along the B axis of the same 
compound.  
The product of 2-chloroaniline reacted with cadmium (II) chloride resulted in 5, a 
1-D chain of [CdCl4]2- units with a bilayer of 2-chloroaniline found between each 1-D 
“layer” (Figure 2.3.4). The 1-D chains are formed from [CdCl4]2- units which are bonded 
to the next through a single corner shared µ2-Cl, resulting in a sawtooth pattern. Each 1-D 
chain is positioned parallel to the next, forming a pseudo 2-D layer with distances 
between each 1-D chain of approximately 3.891 Å (Figure 2.3.5). The distance between 
each layer is 9.983 Å as shown in Figure 2.3.4. The 2-chloroaniline cations are found 




groups of each 2-chloroanilinium cation are pointed towards the layer of 1-D chains. A 
pseudo-pocket is formed between each 1-D chain allowing the ammonium group to 
hydrogen bond to it. Unlike most structures, the hydrogens of the ammonium group are 
hydrogen-bonded only to terminal chlorides rather than some bridging chlorides at 
distances of 2.281, 2.302, and 2.381 Å (Figure 2.3.6, Table 2.3.1). These terminal-only 
hydrogen bonds are due to the position of the terminal chlorides pointing directly towards 
the cationic ammonium groups, allowing them to be the most accessible hydrogen 
acceptors.  
 
Figure 2.3.5.  5 as viewed along the A axis of the 1-D metal halide motif, organic cations 





Figure 2.3.6. Left view of 5 along the A axis. Right view of 5 along the B axis. Distance 
of NH···Cl interactions are shown. 




2-methylanilinium cadmium chloride (6) yielded a 2-D layer with a star shaped 
hole where the cadmiums are interconnected through edge sharing and connected through 
corner sharing to the next chain with Cd-Cl distances of 2.478(1)-2.658(2) Å (Figures 
2.3.7 and 2.3.8). The 2-methylaniline is found between the CdCl layers and is arranged in 
a saw tooth fashion, with each alternating nitrogen pointing toward opposite layers 
(Figure 2.3.7). It should be noted that in solving this structure, the AFIX 63 command 
was used to resolve the disorder on one of the phenyl rings of 2-methylaniline, thus, these 
atoms could not be refined anisotropicaly.  The ammonium head group of 2-
methylaniline is found hydrogen bonding to two terminal Cl atoms at distances of 2.646 
and 3.026 Å (Figure 2.3.9, Table 2.3.1). The third H atom of the NH3 group was found to 
be interacting with a free H2O molecule at a distance of 1.961 Å. The water molecule is 
also interacting with two µ-2 corner sharing Cl atoms from the metal halide network. 





Figure 2.3.8. View of the 2-D layer of metal halides in 6 along the B axis, organic cations 
removed for clarity.  
 
Figure 2.3.9. The NH···Cl and NH···HO interactions in 6 as viewed along the A axis (left) 





Figure 2.3.10. Left, the asymmetric unit of 7. Right, 7 viewed along the A axis, distances 
between 2-D layers are highlighted. 
 The reaction of 2-ethylaniline with calcium chloride in the presence of HCl yields 
a 2-D structure 7 in the P-1 space group. The asymmetric unit contains three 2-
ethylanilinium molecules and a repeating unit of [Cd6Cl13]3- (Figure 2.3.10). The 2-D 
layer features a star shaped hole. No atoms are found in the center of the hole with 
respect to the plane of the metal halide layer, however two water molecules and two 
ammonium head groups are found off set of the hole. At its widest point, the hole is 3.816 
Å and at its tallest point 6.823 Å (Figure 2.3.11). This hole provides a pocket for H-
bonding to occur. One water molecule is found H-bonding to a terminal O atom at a 




in H-Bonding. One head group interacts with a terminal Cl atom (2.483 Å) and two free 
H2O molecules (2.068 Å) (Table 2.3.1), while the other ammonium head group interacts 
with a terminal Cl atom (2.177 Å) and an edge sharing Cl atom (2.350 Å) (Figure 2.3.12, 
Table 2.3.1). The metal halide layer contains 3 rows of CdCl6 atoms connected to the 
next O atom through edge sharing chlorides. The terminal atoms of the CdCl6 units bond 
to a single Cd atom through corner sharing. This Cd atom consists of one non-bonding Cl 
atom and one bound H2O molecule on either side of the MX layer. The remaining 4 Cl 
atoms also participate in corner sharing to another Cd atom, forming the star-shaped hole 
present on either side of the Cd atom. The Cd layers are ~7.358 Å apart from each other, 
allowing for 2-ethylanilinium molecules to occupy the space between the cadmium 
chloride layers. The 2-ethylanilinium molecules are arranged such that each molecule 
alternates between the ammonium head group pointing toward the layer either above or 





Figure 2.3.11. View of the 2-D layer of metal halides in 7 along the B axis, organic cations 






Figure 2.3.12. The NH···Cl and NH···HO interactions in 7 as viewed along the B axis 
(left) and C axis (right). 
   
Figure 2.3.13. Asymmetric unit of 8 (right), view along the C axis (right) showing 
pseudo layer formation of the metal halides. 




8 yielded 0-D CdCl42- monomers, which are actually an expanded dimer where 
the chlorides are shared through corner sharing (Figure 2.3.13). The expanded dimer has 
a Cd-Cl distance of 3.837 (2) Å. The expanded dimers form 1-D hydrogen bonded chains 
with the organic molecules surrounding each chain to form H bonded columns (Figure 
2.3.14). The ammonium head groups point towards the metal halide chains. The H atoms 
on this group bond to the pockets formed in the pseudo 1-D chain. Each H atom bonds to 
a Cl atom at distances of 2.411, 2.333, and 2.431 Å (Figure 2.3.15, Table 2.3.1). 
 







Figure 2.3.15. The NH···Cl interactions in 8 as viewed along the A axis (left) and B axis 
(right). 
 







9 yielded a 2-D cadmium dense layer with a six point star shaped hole (Figures 
2.3.16 and 2.3.17). The compound crystalized in the P21/n space group. Two molecules 
of 2-tert-butylaniline and repeating units of [Cd5Cl12]2- are found within the asymmetric 
unit. The cadmiums form a double wide cluster where the center cadmium is connected 
through μ – 3 edge sharing chlorides, while the outer cadmiums are connected through μ 
– 2 and μ – 3 corner sharing chlorides. The 2-tert-butylanilinium molecules occupy the 
space between each 2-D layer. The N atoms are pointed towards the star shaped hole. The 
ammonium head group H-bonds to the “pocket” formed by the hole in the layer (Figure 
2.3.18). Each ammonium group interacts though 3 µ-2 corner sharing bridging chlorides 







Figure 2.3.17. View of the 2-D layer of metal halides and 6-point star shaped hole in 9 






Figure 2.3.18. Left view of 9 along the B axis. Right view of 9 along the A axis. Distance 
of NH···Cl interactions are shown. 
 




2 aminobiphenyl reacted with an equal molar ratio of Cdl2 results in compound 
10, as shown in Figure 2.3.17. 7 crystalizes in the P-1 space group with one 2-
aminobiphenyl cation in the assymetric unit. The cadmium [CdCl31-] forms wide 1-D 
chains. Each chain is composed of one Cd atom with two non-bonding terminal Cl atoms 
and four Cl atoms bonding to the next Cd atom through µ2-Cl edge sharing. A second Cd 
atom has all six Cl atoms bonding to the next Cl atom through µ2-Cl edge sharing. This 
forms a “double wide” 1-D chain of cadmium chloride. Along the b-axis between each 1-
D chain is four H2O molecules forming a hydrogen bonded network. Terminal Cl atoms 
interact with the water molecules through O-H···Cl-Cd interactions forming a 2-D 
hydrogen bonded layer of water and cadmium chloride (Figure 2.3.20). In the c direction, 
2-aminobiphenyl cations occupy the space between each layer. The edge of the metal 
halide chain forms a “pocket” for each ammonium head group to interact with (Figure 
2.3.21). This results in hydrogen bonding occurring between the cl atoms of the 1-D 
chain and the H atoms of the 2-aminobiphenyl molecule (Table 2.3.1). A repeating “up-
down” motif is formed with each alternating ammonium group interacting with the chain 





Figure 2.3.20. View of 10 along the A axis, showing the 1-D metal halide chains. 
 
Figure 2.3.21. The NH···Cl and NH···HO interactions in 10 as viewed along the B axis 





Figure 2.3.22. Asymmetric unit of 11 (left), view along the C axis (right)  
Complex 11 crystalized in the P-1 space group with 2 molecules in the asymmetric 
unit, as shown in Figure 2.3.22. The structural motif consists of a 1-D chain that is two 
cadmiums wide with edge sharing chlorides. The two Cd wide section then narrows to a 
single cadmium through edge sharing. The organic cation, 2,6-diethylaniline, is found 
between the chains with the ammonium head groups pointing towards the side of each 
chain (Figure 2.3.23). This provides a “pocket” for hydrogen bonding to occur with 




chain in the direction of the c axis is 5.2 Å. In the direction of the B axis (where the cations 
are found) the distance between the chains is 8.6 Å.  
 
Figure 2.3.23. View along the A axis of 11 (left). Binding pocket interaction between 





Figure 2.3.24. Asymmetric unit of 12 (left), view along the C axis (right)  
12 forms a 0-D structure that crystalizes in the P-1 space group. Four organic 
counterions are found in the asymmetric unit (Figure 2.3.24). The cadmium chloride 
motif consists of a linear trimer of [Cd2Cl7]. The Cd-Cl-Cd angle is 170.46 °. The 
terminal Cl atoms are arranged in a gauche type fashion about the Cd-Cl-Cd axis. The 
two groups are separated by a 62.52 ° torsion angle. The ammonium head groups of the 
2,6-di-isopropylaniline all point towards the trimers forming a columnar type structure 







Table 2.3.1: Table of Weak Intermolecular Interactions for Compounds 4-12 
D-H···A D-H H···A D···A D-H···A Symmetry Operation 
Compound 4: Ortho = H 
N1-H2···Cl2 1.039          2.246         3.282    174.42         2-x, -y, 1-z 
N1-H1···Cl3 0.951          2.412 3.336    164.05         x, 1+ y, z 
N1-H3···Cl3D 0.903          2.413 3.302    167.95         ½ + x, -1/2-y, 1-z 
N2-H4···Cl2 0.997          2.733 3.358    121.12         2 - x, ½+y, 3/2-z 
N2-H5···Cl4 0.732          2.781 3.320    135.16         x, -1/2-y, -1/2-z 
N2-H6···Cl5 0.765          2.889 3.522    141.68         2-x, -1/2+y, 3/2-z 
      
Compound 5: Ortho = Cl 
N1-H1A···Cl2 0.89 2.381 3.381 151.04 1-x, 1-y, -½ +z 
N1-H1B···Cl4 0.89 2.281 3.149 163.59 1-x, 1-y, ½ +z 
N1-H1C···Cl4 0.89 2.302 3.172 164.33 x, y, z 
      
Compound 6: Ortho = CH3 
N1-H1A···Cl4 0.91 2.832 3.289 112.47 x, y, z 
N1-H1C···Cl5 0.91 2.694 3.228 118.46 x, y, z 
N6-H6C···O5 0.91          2.045 2.884 152.65 -1+x, y, z 
N6-H6B···O0A 0.91 1.957 2.866 176.47 x, y, z 
      
Compound 7: Ortho = CH2CH3 
N3-H3A···Cl2 0.91 2.577 3.258 132.25 -1+x, y, z 
N3-H3C···O1 0.91 2.113 2.973 157.34 x, y, z 
N3-H3B···O2 0.91          1.914 2.823 176.16 x, y, z 
N2-H2A···Cl5 0.91 2.350 3.233 163.36 x, y, z 
N2-H2B···Cl9 0.91 2.177 3.086 163.36 x, y, z 
N2-H2C···O3 0.91          2.247 2.2964 135.27 x, y, z 
N1-H1C···O3 0.91 2.068 2.890 149.54 x, y, z 
      
Compound 8: Ortho = CH(CH3)2 
N1-H1A···Cl2 0.89          2.411 3.243 155.63 x, y, z 
N1-H1B···Cl4 0.89          2.431 3.161 139.62 1-x, 1-y, 1-z 
N1-H1C···Cl3 0.89          2.333 3.188 160.83 x, -1+y, z 
N2-H2A···Cl5 0.89          2.596 3.207 126.66 1-x, 1-y, 1-z 
N2-H2B···Cl2 0.89          2.267 3.139 165.91 x, y, z 
N2-H2C···Cl3 0.89          2.534 3.279 141.66 x, -1+y, z 
      
Compound 9: Ortho = C(CH3)3 
N1-H1A···Cl17 0.89          2.274 3.142 165.01 x, y, z 
N1-H1B···Cl16 0.89          2.280 3.160 170.03 x, y, z 
N1-H1C ···Cl26 0.89          2.496 3.140 129.70 x, y, z 
N2-H2A···Cl15 0.89          2.349 3.154 150.34 ½-x, -½+y, ½-z 
N2-H2B···Cl19 0.89          2.659 3.184 118.69 x, y, z 
N2-H2C···Cl24 0.89          2.429 3.092 131.69 x, y, z 




D-H···A D-H H···A D···A D-H···A Symmetry Operation 
Compound 10: Ortho = C6H5 
N1-H1A···Cl2 0.91 2.385 3.100 135.48 x, y, z 
N1-H1B···Cl1 0.91          2.234 3.113 162.25 -1+x, y, z 
N1-H1C···O2 0.91 2.337 3.181 154.05 1-x, 1-y, 1-z 
O1-H1E···Cl1 0.87 2.357 3.174 156.69 2-x, 2-y, 1-z 
O2-H2A···O1 0.87 1.648 2.521 155.65 x, y, z 
O3-H3A···Cl2 0.87 3.568 3.095 50.99 x, y, z 
O3-H3B···O2 0.87 1.690 2.546 167.35 2-x, 2-y, 1-z 
O2-H2B···O4 0.87 1.680 2.592 160.57 1-x, 1-y, 1-z 
      
Compound 11: Ortho = CH2CH3  
N1-H1B···Cl9 0.91 2.417 3.078 129.06 x,y,z 
N1-H1C···Cl13 0.91 2.394 3.184 118.46 x,y,z 
N1-H1A···Cl6 0.91 2.358 3.173 149.30 x,y,z 
N2-H2B···Cl11 0.91 2.291 3.188 169.42 x,y,z 
N2-H2A···Cl10 0.91 2.519 3.164 128.27 -1+x,y,z 
N2-H2C···Cl1 0.91 2.573 3.247 125.73 x,y,z 
      
Compound 12: Ortho = CH(CH3)2 
N6BA-H6BB···Cl7 0.89 2.397 3.233 156.45 x,y,z 
N6BA-H6BA···Cl5 0.89 2.330 3.140 151.25 x,y,z 
N6BA-H6BC···Cl1 0.89 2.371 3.128 142.95 x,y,z 
N7CA-H7CC···Cl3 0.89 2.494 3.214 138.37 x,y,z 
N7CA-H7CB···Cl6 0.89 2.309 3.185 168.20 x,y,z 
N7CA-H7CA···Cl7 0.89 2.279 3.144 163.87 x,y,z 
N1-H1B···Cl3 0.89 2.424 3.142 137.91 x,y,z 
N1-H1A···Cl5 0.89 2.338 3.163 153.94 x,y,z 
N1-H1C···Cl6 0.89 2.316 3.148 155.63 x,y,z 
N0AA-H0AB···Cl3 0.89 2.374 3.178 150.44 x,y,z 
N0AA-H0AC···Cl4 0.89 2.250 3.139 177.40 x,y,z 
N0AA-H0AD···O0A 0.89 2.032 2.842 150.97 x,y,z 
      
 
2.4 Discussion 
2.4.1 Known Cadmium Halide Structures 
A search of the Cambridge Structural Database (CSD) was conducted to 
determine how the new anilinium based structures compare to those previously reported. 




using any bond type. To narrow down the results, the following parameter was also 
included: must not contain Cd-R where R = C, N, O, S, F, Br, I, P. This was done to 
ensure that results obtained would be only CdCl based structures. This search yielded 67 
structures, of those only 52 contained unique unit cell data. See Appendix II for a 
complete list of structures used in this search.  
The 52 resulting structures were then analyzed to determine the structural motif 
present and the cadmium:halide: nitrogen (C:X:N) ratio. The data entries were grouped 
by dimensionality (0-D, 1-D, 2-D) and cadmium chloride motif. The results are 
summarized in Table 2.4.1.1. Fourteen unique structural motifs were found, each motif 
had a correlation M:X:N ratio. Structural motifs that were similar to each other, for 
example a perovskite layer and an expanded perovskite layer, often had the same M:X:N 
ratio.  
The most common structural motif found was that of a simple perovskite layer, 23 
of the structures studied possessed this structural motif.44-65 This structural motif is 
described in detail in Section 2.1, see Figures 2.1.6 and 2.1.7. All structures displaying a 
perovskite structural motif also had a M:X:N ratio of 1:4:2. These structures consisted of 
long narrow cations. Often the organic constituent had an ammonium group at opposite 
ends of the molecule such as with benzidine. Other times, the organic constituents were 
long chain carbon amines.  
Three other 2-D motifs were found in addition to the perovskite layer type. The 
first of which is an expanded perovskite layer. This layer is formed when a small amount 




nitroaniline were the only two organic cations which formed this structural motif.45,64 The 
M:X:N ratio was found to be 1:4:2, which is not surprising considering the structural 
similarity to a normal perovskite layer. An example of the expanded perovskite layer is 
shown in Figure 2.1.8.  
 The second type of 2-D layer motif found was a layer formed by linear face-
sharing trimers that are inter-connected to the next group of trimers through corner 
sharing resulting in a large hole in the 2-D layer.44,66,67 This motif is described in detail in 
Section 2.3, see Figure 2.3.1. This structure is formed when small narrow anilines are 
used that have only a single hydrogen bonding group and no steric bulk near this group. 
For example, this motif is formed when aniline or isopropylamine is used as the organic 
cation. This motif has a unique M:X:N ratio of 3:10:4 which demonstrated the change in 
density from the perovskite layer.  
 The last type of 2-D structural motif discovered is a very cadmium dense layer 
with a M:X:N ratio of 3:8:2. The layer is made of alternating chains of a single to double 
wide cadmium chloride connected to the alternating chain through corner sharing (Figure 
2.4.1.1.). Each individual chain is connected from single to double wide through edge 
sharing chlorides (Figure 2.4.1.1). Interestingly, this motif is only found when tert-





Figure 2.4.1.1 a axis of WOBJII tert-butylamine was removed for clarity, b axis of the 
same compound. 
Thirteen of the structures analyzed formed 1-D chains. From these, seven 
different motifs were discovered. The most dominate motifs were single wide cadmium 
chloride chains. These chains vary in linearity and bonding schemes. Figure 2.4.1.2 
shows five of the 1-D motifs which are all single cadmium wide chains. Figure 2.4.1.2.A. 
consists of a linear chain of cadmium chloride with Cd-Cl-Cd angles near 180 ° with an 
M:X:N ratio of 1:4:2.48,68 Each cadmium atom is bonded to the next via a corner sharing 
chloride. Figure 2.4.1.2.B. is very similar to the motif in Figure 2.4.1.2.A, however the 
Cd-Cl-Cd angle is closer to 160 °.69,70 The ratio of M:X:N also changes to 1:5:3. Once 
again these Cd atoms are connected through corner sharing Cl atoms. The motif shown in 
Figure 2.4.1.2.C forms more of a sawtooth type chain, with Cd-Cl-Cd angles near 136 
°.71,72 This motif has the same M:X:N ratio as Figure 2.4.1.2.A and also is connected 




the cadmiums are connected to one another via edge sharing chlorides.42,73 Once again 
the M:X:N ratio is 1:4:2. The final single wide 1-D chain found is shown in Figure 
2.4.1.2.E.72 This motif is of an even more cadmium dense chain. The cadmiums are 
bonded to each other through face sharing chlorides to form the dense 1-D chain.  
Two more 1-D structural motifs have also been noted in Table 2.4.1.1. These 1-D 
chains are wider than the chains mentioned in Figure 2.4.1.3. In one case, the chain is two 
cadmiums wide with edge sharing chlorides, then narrows to a single cadmium through 
edge sharing. This is the same motif found with 11 as shown in Figure 2.3.22.74 The 
second motif found is a double wide cadmium chloride chain. Each chain is composed of 
one Cd atom with two non-bonding terminal Cl atoms and four Cl atoms bonding to the 





























Figure 2.4.1.2. Cadmium chloride structural motifs with sketches of organic 
cations A. RISZAV, B. AWOWAL, C. ZEDLAX, D. VAHTIH, E. FLWJOM 













































Figure 2.4.1.3. Cadmium chloride structures with sketches of the organic cations. 
A. MUDMUU B.ZOBFEB 
Finally, eleven 0-D cadmium chloride structures were identified with six different 
structural motifs. The majority of these of these compounds formed monomers: either 
[CdCl4]2- or [CdCl6]3-.76-82 One dimer was found consisting of a [CdCl6]4- molecule and a 
[CdCl5]3-.83 A trimer was also found in the CSD with the same structural motif as 9.44  
Two different 0-D hexameric type clusters were also found in the search of the 
CSD. The first, previously mentioned in Section 2.1, was formed when 3,3’-
diethylbenzidine was used as the organic cation.45 The second hexameric type cluster 
found is shown in Figure 2.4.1.4.22 This structure consists of a hexameric cluster with 
additional arms on either side of the cluster. The organic cation used in this instance was 
tert-butylamine. Interestingly, this same cation was also found to produce trimers as 





used during synthesis. This demonstrates that not only is the size of the organic cation 
important in determining the structural motif, but the amount of excess Cl atoms is also 
important.  
 
Figure 2.4.1.4. Cadmium chloride structure of WIYZAH, tert-butylamine 





Table 2.4.1.1: Summary of C.S.D. Results  
Motif Description Dimensionality M:X:N Number of 
Structures 
CdCl4 monomer 0D 1:4:2 476-79 
CdCl6 monomer 0D 1:6:2 380-82 
Dimer 0D 1:3:1 183 
Trimer 0D 1:4:1 144 
Hexameric Cluster 0D 3:10:4 145 
Hexameric Cluster 2 0D 8:25:9 122 
Linear chain of CdCl6 corner shared 1D 1:4:2 248,68 
Infinite chain of CdCl6 corner shared 
eclipsed 
1D 1:5:3 269,70 
Infinite zigzag chain of CdCl6 corner 
shared  
1D 1:4:2 271,72 
Infinite chain of CdCl6 face shared 
staggered 
1D 1:3:1 172 
Infinite chain of CdCl6 edge shared  1D 1:4:2 242,73 
Chain of CdCl6 octahedra forming a 
double to single wide chain through edge 
sharing chlorides 
1D 1:3:1 174 
Chain of CdCl6 octahedra forming a 
double wide chain through edge sharing 
chlorides 
Half of a hexamer with one metal center 
shared through edge sharing 
1D 3:10:4 246,75 
Perovskite Layer 2D 1:4:2 1944-65 
Expanded Perovskite Layer 2D 1:4:2 245,64 
Trimers connected through face shared 
chlorides 
2D 3:10:4 344,66,67 
Double wide chains connected to each 
other to form a layer 
2D 2:5:1 122 
 
Typically, those with an ortho group that is larger than methyl form either 
hexameric clusters or partial hexameric clusters that are linked together to form a layer. 
Similar structures that contained aniline with an ortho substituent as well as a meta or 
para substituent do not display the same motifs as those that are mono-substituted. This is 




other substituents. In the case of meta-substituents, 1-D chains or 0-D monomers are 
formed. When the aniline has a para substituent often 2-D layers are formed.  
The analysis of the CSD also proves that the cadmium chloride motif formed is 
not solely determined by the sterics of the organic moiety. As shown with the structures 
of tert-butylamine, previously mentioned, the structural motif was also dictated by the 
initial ratio of Cl- atoms. The exact synthetic methods of each crystal structure used in 
this study were not published for every structure. This makes determining the exact 
relationship between the synthesis/amount of HCl used and the resulting structural motif 
difficult to discern.  
2.4.2 Crystal Structure Motifs and Metal:Halide:Nitrogen Ratio 
After comparing the newly obtained compounds to those previously analyzed in 
the Cambridge Structural Database (CSD) it was found that the cadmium chloride motifs 
of compounds 6, 7, and 9 are new unique metal halide motifs. Although several similar 
structures were found, they did not display the exact same cadmium chloride motif.  
The cadmium to nitrogen ratios were examined in compounds 4-10, as well as 
those previously published by Beatty group.14,15 Each structural motif has a 
corresponding Cd:N ratio that is unique to it. In general, as the size of the ortho 
substituent is increased the ratio of Cd:N increases with 2-isopropylaniline serving as an 
exception. The cadmium:nitrogen:halide ratios as well as Cd-Cl bond distances can be 





Each organic compound in this series of structures interacts with a pocket formed 
in the inorganic layer. This is most obviously shown in layered compounds such as that 
of aniline. In this compound, the 2-D layer has holes in it as shown in Table 2.4.2.2, 
where the ammonium head group points. This allows for a N-H···Cl interaction to occur. 








Table 2.4.2.1: M:X:N Ratios of Compounds 1-12 
Organic Compound Ortho Group Cd:N Cd:Cl Cd-Cl (Å) 
Aniline H 3:4 3:10 2.52 (2) – 2.68 (2) 
2-chloroaniline Cl 1:1 1:4 2.48 (5) – 2.63 (7) 
2-methylaniline CH3 5:3 3:5 2.48 (1) – 2.66 (2) 
2-ethylaniline CH2CH3 2:1 1:5 2.41 (4) – 2.69 (1) 
2-isopropylaniline CH(CH3)2 1:2 1:4 2.43 (7) – 3.83 (7) 
2-tert-butylaniline C(CH3)3 5:2 5:12 2.55 (4) – 2.70 (2) 
2-aminobiphenyl C6H5 2:1 2:6 2.52 (2) – 2.81 (1) 
2,6-diethylaniline CH2CH3 1:1 1:3 2.51 (7) – 2.80 (1) 
2,6-di-isopropylaniline CH(CH3)2 1:1 1:4 2.44 (3) – 2.69 (4) 
Benzidine H 1:2 1:4 2.43 (5) – 2.70 (1) 
3,3’-dimethylbenzidine CH3 1:2 1:4 3.14 (2) – 3.87 (4) 




Table 2.4.2.2: Crystal Structure of -NH3··· Cl Bonding Pocket 




































In compound 5 a chlorine atom is in the ortho position of the aniline ring. This 
atom has enough steric bulk to force the 2-D layer apart, forming staggered 1-D chains. 
The pattern of this chain/layer is similar to that of aniline. The chlorine atom in the 




expansion of the 2-D layer occurs. This expansion is shown by the decreased N-H···Cl 
distance (Table 2.3.1) going from 3.282 Å in 4 to 3.149 Å in 5 as the chain is forced 
away from the amine group.  
In the case of 6, a 2-D layer has formed with pockets, allowing the ammonium 
head group to interact with the layer. The increased number of H atoms compared to that 
of 2-chloroaniline has allowed a more stable 2-D layer to form through hydrogen-Cl 
interactions. The layer, however, is not a typical perovskite layer as the methyl group has 
forced the layer to become more densely packed. Thus, the chlorine atoms in the layer 
participate in more edge and corner sharing than in 4 and 5. This results in bond distances 
that are, on average, shorter than in 4. The increased density is also reflected in the M:X 
ratio which goes from 3:4 in 4 to 5:3. A free H2O molecule is found within the star 
shaped hole of the CdCl layer. This water molecule interacts with the Cl atoms and 
prevents the amine group from getting close enough to force the 2-D layer apart. 
As previously mentioned, the structure formed for 7 is a 2-D layer with a single 
coordinating water molecule and a single free water molecule in the asymmetric unit. 
This structure is quite similar to that of 6, however the increased bulkiness of the ethyl 
group has forced the layer to condense farther. Like 6, a free H2O molecule occupies the 
star shaped hole in the layer. An increased number of chlorides participating in edge 
sharing when compared to 4-6 is observed as the layer condenses. The M:X ratio 
increases from 5:3 to 2:1 as the layer becomes more Cd dense. This change in density is 
also reflected in the dimensions of the star shaped hole found in the layer. The increased 
bulkiness of the ethyl group forces the amine groups closer to the hole causing the rest of 




widest/longest points. The increased bulk compresses the hole’s dimensions to 3.816 Å x 
6.823 Å, decreasing the length by 0.308 Å.  
The di-substituted version of 7 was also crystalized to form 11. In this structure, 
both of the ortho positions are occupied by an ethyl group. This resulted in an increased 
amount of steric bulk near the ammonium head group. As a result, the 2-D layer formed 
in 7 is pushed apart to form a 1-D chain. 
8 serves as a “breaking point” within this set of compounds. The bulkiness of the 
isopropyl group has caused the cadmium chloride layer to break down into an expanded 
dimer. As mentioned before, this is similar to previous work performed by Beatty group.7 
In this work 3,3’-dimethylbenzidine served as the “breaking point”, where the layer 
expanded apart before totally collapsing into the cadmium dense hexameric cluster. In 
our case, isopropyl has caused the 2-D layer formed with methyl in the ortho position to 
expand to the point that the 2-D layer has broken down into a 0-D dimer. The lack of 
rigidity in the para position is likely the reason CdCl42- monomers were formed rather 
than a larger cluster. To test this theory the dianilinlium version would need to be 
crystalized. However, after a multitude of attempts, the desired product was never 
formed. A drastic increase in the distance between the ammonium head group and the 
metal halide is observed. This also occurred when the 0-D hexamer was formed, as the 
bulkiness pushes the layer farther away. 
Interestingly, when the di-substituted 2,6-di-isopropylaniline cation was used, the 
structural motif remained 0-D. The di-substituted complex 12 formed 0-D trimers instead 




9 formed a 2-D layer, however the layer is comprised of one half of a hexameric 
cluster bonded to another to form the 2-D layer. This is formed due to the bulkiness of the 
tert-butyl group in the ortho position. After the expansion that formed with isopropyl in 
the ortho position, the cadmium chloride layer condensed back down to form an 
extremely cadmium dense layer. This is similar to that of the 3,3’-diethylbenzidine 
compound from Beatty group’s previous work which collapsed down into a hexameric 
cluster. This structure returns to the trend of the ammonium head group decreasing in 
distance to the metal halide layer. The distance in this compound is decreased when 
compared to 8. This is because the additional water molecules in the structure allow the 
2-D layer to once again be formed.  
In compound 10 the steric bulkiness of the ortho position increased, causing the 2-
D layer to begin to collapse and form a 1-D chain. This chain, when viewed along the B 
axis, is reminiscent of the half of a hexameric cluster bonded to another forming a chain. 
The less dense portion of the layer formed with tert-butyl in the ortho position was 
unable to form due to the increased bulkiness. Unfortunately, the dianilinium version of 
the cation has yet to be formed with a metal halide. It is likely that the increased 
hindrance in the para position and the additional rigidity would allow a 0-D structure to 
form. The distance between the metal halide and the cation once again decreases as the 
bulkiness of the ortho position increases.  
As the metal halide structure becomes more closely packed, the coordination 
number of cadmium changes to allow the metal halide motif to condense. Thus, the 
number of terminal, corner, edge, and face shared chlorides changes. It is expected that in 




edge or face sharing halides. These types of halide sharing allow more atoms to be 
packed into a unit cell than terminal or corner sharing halides. For example, an atom with 
only terminal halides is a monomer and cannot be packed as closely as an atom which 
shares multiple halides with the next atom.  
Table 2.4.2.3: Metal-Halide Bond Types 
Organic Terminal Corner  Edge Face 
 
Aniline 12.50 % 12.50 % 0.00 % 75.00 % 
2-chloroaniline 66.67 % 33.33 % 0.00 % 0.00 % 
2-methylaniline 6.66 % 26.67 % 66.67 % 0.00 % 
2-ethylaniline 5.56 % 22.22 % 72.22 % 0.00 % 
2-isopropylaniline 100.00 % 0.00 % 0.00 % 0.00 % 
2-tert-butyl-aniline 0.00 % 0.00 % 100.00 % 0.00 % 
2-aminobiphenyl 20.00 % 0.00 % 80.00 % 0.00 % 
 
2.4.3 Hydrophobic-to-Total Volume Ratio 
The procedure to calculate hydrophobic-to-total volume ratio used was similar to 
that of the Lee group, the difference being in the software used.1 For these calculations 
the definition of hydrophobic content and hydrophilic content was generalized to simplify 
the calculations. The hydrophilic portion was defined as the metal and halide atoms. 
While the organic cations were labeled as the hydrophobic portion. The hydrophobic-to-
total volume ratio is calculated as the ratio between the hydrophobic volume (H1) and the 
sum of the separate hydrophobic (H1) and hydrophilic (H2) volumes as shown in 
Equation 2.4.3.1 The cadmium chloride structures found in the CSD were analyzed to 
determine their hydrophobic-to-total volume ratio. These ratios presented as a percent of 







𝑥 100 = 𝐻𝑦𝑑𝑟𝑜𝑝ℎ𝑜𝑏𝑖𝑐 − 𝑡𝑜 − 𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑅𝑎𝑡𝑖𝑜           Equation 2.4.3.1 
 
Table 2.4.3.1. Correlation between Metal Halide Ratio and 
Hydrophobic-to-Total Volume Ratios 




1:6 1:5 1:4 3:10 8:25 1:3 2:5 
0-10 %        
10-20 %   2     
20-30 % 2 2 8     
30-40 %   12     
40-50 % 1  10 4  1  
50-60 %   3 1 1 1 1 
60-70 %   1 1  1  
 
From the data presented in Table 2.4.3.1 we do see that as the ratio of metal to 
halide increases, the hydrophobic-to-total volume also increases. A higher ratio of metal 
to halide occurs when the metal halide motif is dense, as exhibited by edge-and face-
shared halides. In other words, as the ratio increases the density of the metal halide motif 
increases. As expected, as the structure become more densely populated with the 
cadmium atoms, the hydrophobic content increases. In general, this correlated to meaning 
large organic counterions will generate dense cadmium motifs with a high metal to halide 
ratio. This is similar to the work done by Lee, where the hydrophobic content correlated 





The metal:halide ratios for the compounds 4-12 (Table 2.4.2.1), in combination 
with, their corresponding hydrophobic-to-total volume ratio agree with the general trend 
shown in Table 2.4.3.1. As the size of the organic moiety increases, the hydrophobic-to-
total volume ratio increases, in turn, we see that the M:X ratio increases as the cadmium 
becomes more densely packed. Finally, as the size of the organic moiety increases, more 
edge- and face-shared halides are present in the structure. 
2.4.4 Cone Angles  
In order to determine if there is a relationship between the “cone angle” of the 
ortho substituent and the resulting cadmium halide motif, the cone angle for the group in 
the ortho position has been calculated using the method established by Mϋller (2.4.4.1).11 
This method uses the atomic centers of each atom instead of the surfaces of the van der 
Waals spheres of each atom (Tolman).12 This method allows the calculation to be based 
off of actual x-ray structures rather than idealized molecular models or geometries 
developed from molecular mechanics. In order to calculate the cone angle for these 
complexes, crystallographic data for each molecule is used. All values used in this 
calculation were obtained using Olex2. The complete method can be found in Appendix 
III.  
Table 2.4.4.1 shows that as a general trend, the cone angle increases as the size of 
the ortho group increases. Figure 2.4.4.2 shows the plot of the molecular volume of the 
ortho group versus the cone angle of the ortho group. As expected, a linear trend is found: 




comparing the cone angle to the M:X:N ratios, density, void space, and hydrophobic-to-
total volume ratio can be found in the supplemental information.    
 
Figure 2.4.4.1. Drawing of distances and angles used to calculate the cone angle 
 Table 2.4.4.1. Cone Angles of Cadmium Chloride Complexes 
Compound Ortho group Ortho Group Cone Angle Space Filling Model 
4 H 27.01 
 
5 Cl 29.78 
 






6  CH3 39.99 
 
7  CH2CH3 88.59 
 
8  CH(CH3)2 138.84 
 
9  C(CH3)3 148.19 
 






Figure 2.4.4.2. Plot of ortho position cone angles versus the molecular volume of the 
group in the ortho position.  
The cone angles found in Table 2.4.4.1 were then compared to the M:X:N ratios 
shown in Table 2.4.2.1. In general, as the size of the ortho substituent is increased, the 
cone angle is increased, this results in an increases in the ratio of Cd:N. The exception to 
this rule is 2-isopropylaniline for reasons previously discussed in this chapter. 10 also 
does not fit the trend exactly, however this structure contains coordinated H2O, which 
may be disrupting the M:N. 
2. 5 Conclusions 
Varying the substituent in the ortho position causes a dramatic change to the 
overall structural motif observed. It is clear that as the size of the ortho substituent is 
changed, the dimensionality of the network also changes, and 2-D, 1-D and 0-D 















































the M:X ratio increases, demonstrating that larger organic compounds tend to have a 
more densely cadmium packed motif.  
More specifically, it was demonstrated that an increase in the size of the group in 
the ortho position causes an increase in the cone angle. This also causes an increase in the 
ratio of hydrophobic content. When the cone angle and the amount of hydrophobic 
content increase, the M:X:N ratio increases. As the hydrophobic portions of the structure 
increase, the hydrophilic, metal halide portions of the structure begin to condense and 
become closely packed. These closely packed networks show an increase in the amount 
of face sharing halides and edge sharing halides.  
Forcing the metal ions closer together causes a distortion in the coordination 
geometry of the metal. These distortions can have an impact on the physical properties 
displayed by the compound. Specifically, they can alter the impedance, dielectric 
constants, and the electronic band structure of these complexes.22,42,43 
Further it was found that the prediction of the structural motif does not 
specifically follow the trends Beatty group observed previously with dianilinlium 
complexes. Instead we found that after the motif condenses to a 0-D motif with isopropyl 
in the ortho position, the dimensionality returns to 2-D with larger groups (tert-butyl). All 
of these structures were crystalized in a similar manner with the same initial amounts of 
HCl. Though we know from the CSD that the amount of Cl-  atoms initially present can 
impact the structural motif, it is not obvious that this is the case for these news structures. 
Therefore, the dimensionality displayed in these structures is dictated by the size of the 




2. 6 References 
 (1) Lee, S.; Mallik, A. B.; Xu, Z.; Lobkovsky, E. B.; Tran, L. Small Amphiphilic Organics, 
Coordination Extended Solids, and Constant Curvature Structures. Acc. Chem. Res. 2005, 38, 251-261. 
 (2) Flory, P. J.: Principals of Polymer Chemistry; Cornell University Press: Ithaca, NY, 1953. 
 (3) Owen, J. D. Crystal Structure of Two Bridged Macrobicyclic Polyethers-
1,5,12,16,23,26,29-Heptaoxa[73,14][5.5]orthocyclophane and 1,5,12,16,23,26,29,32-
Octaoxa[103,14][5.5]orthocyclophane. J. Chem. Soc., Perkin Trans. 2 1981, 12-18. 
 (4) Frydenvang, K. H., G.; Jensen, B.; Do Rosario, S. M. M. Structures of the Choline Ion in 
Different Crystal Surroundings. Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 1994, 50, 617-623. 
 (5) Grabarnik, M. G., I.; Fuchs, B. A New Class of Chiral Macrocyclic Polythiacrown Systems 
and a Caveat. J. Chem. Soc., Perkin Trans. 1 1997, 3123-3125. 
 (6) Graingeot, V. B., C.; Benlian, D. 2,4,6-Tri-O-benzyl-myoinositol. Acta Crystallogr., Sect. 
C: Cryst. Struct. Commun. 1996, 52, 2283-2285. 
 (7) Zhou, H. C.; Long, J. R.; Yaghi, O. M. Introduction to Metal-Organic Frameworks. Chem. 
Rev. 2012, 112, 673-674. 
 (8) Stranks, S. D. E., G. E.; Grancini, G.; Menelaou, C.; Alcocer, M. J. P.; Leijtens, T.; Herz, 
L. M.; Petrozza, A.; Snaith, H. J. Electron-Hole Diffusion Lengths Exceeding 1 Micrometer in an 
Organometal Trihalide Perovskite Absorber. Science 2013, 342, 341-344. 
 (9) Xing, G. M., N.; Sun, S.; Lim, S. S.; Lam, Y. M.; Gratzel, M.; Mhaislkar, S.; Sum, T. C. 
Long-Range Balanced Electronand Hole-Transport Lengths in Organic-Inorganic CH3NH3PbI3. Science 
2013, 342, 344-347. 
 (10) Zhang, W.; Xiong, R. G. Ferroelectric Metal-Organic Frameworks. Chem. Rev. 2012, 112, 
1163-1195. 
 (11) Zhang, W.; Cai, Y.; Xiong, R. G.; Yoshikawa, H.; Awaga, K. Exceptional Dielectric Phase 
Transitions in a Perovskite-Type Cage Compound. Angew. Chem. Int. Ed. Engl. 2010, 49, 6608-6610. 
 (12) Zhang, W.; Ye, H. Y.; Graf, R.; Spiess, H. W.; Yao, Y. F.; Zhu, R. Q.; Xiong, R. G. Tunable 
and Switchable Dielectric Constant in an Amphidynamic Crystal. J. Am. Chem. Soc. 2013, 135, 5230-5233. 
 (13) Min, K. S. S., M. P. Silver(I)-Polynitrile Network Solids for Anion Exchange: Anion-
Induced Transformation of Supramolecular Structure in the Crystalline State. J. Am. Chem. Soc. 2000, 122, 
6834-6840. 
 (14) Fan, J.; Gan, L.; Kawaguchi, H.; Sun, W. Y.; Yu, K. B.; Tang, W. X. Reversible Anion 
Exchanges Between the Layered Organic-Inorganic Hybridized Architectures: Syntheses and Structures of 
Manganese(II) and Copper(II) Complexes Containing Novel Tripodal Ligands. Chemistry 2003, 9, 3965-
3973. 
 (15) Fletcher, A. J. C., E. J.; Bradshaw, D.; Rosseinsky, M. J.; Thomas, K. M. Adsorption of 
Gases and Vapors on Nanoporous Ni2(4,4’-Bipyridine)3(NO3)4 Metal-Organic Framework Materials 
Templated with Methanol and Ethanol: Structural Effects in Adsorption Kinetics. J. Am. Chem. Soc. 2004, 
126, 9750-9759. 
 (16) Chun, H.; Dybtsev, D. N.; Kim, H.; Kim, K. Synthesis, X-ray Crystal Structures, and Gas 
Sorption Properties of Pillared Square Grid Nets Based on Paddle-Wheel Motifs: Implications for Hydrogen 
Storage in Porous Materials. Chemistry 2005, 11, 3521-3529. 
 (17) Mines, G. A. T., B. C.; Stevenson, K. J.; Li, J.; Hupp, J. T. Microporous Supramolecular 
Coordination Compounds as Chemosensory Photonic Lattices. Angew. Chem. Int. Ed. 2002, 41, 154-157. 
 (18) Yoo, S. K. R., J. Y.; Lee, J. Y.; Kim, C.; Kim, S. J.; Kim, Y. Synthesis, Structure and 
Heterogeneous Catalytic Activity of a Coordination Polymer Containing Tetranuclear Cu(II)-btp Units 
Connected by Nitrates. Dalton Trans. 2003, 1454-1456. 
 (19) Han, H.; Zhang, S.; Hou, H.; Fan, Y.; Zhu, Y. Fe(Cu)-Containing Coordination Polymers: 
Syntheses, Crystal Structures, and Applications as Benzyl Alcohol Oxidation Catalysts. Eur. J. Inorg. Chem. 
2006, 2006, 1594-1600. 
 (20) Dybtsev, D. N.; Nuzhdin, A. L.; Chun, H.; Bryliakov, K. P.; Talsi, E. P.; Fedin, V. P.; Kim, 
K. A Homochiral Metal-Organic Material with Permanent Porosity, Enantioselective Sorption Properties, 




 (21) Hasegawa, S. H., S.; Matsuda, R.; Furukawa, S.; Mochizuki, K.; Kinoshita, Y. Kitagawa 
,S. Three-Dimensional Porous Coordination Polymer Functionalized with Amide Groups Based on 
Tridentate Ligand: Selective Sorption and Catalysis. J. Am. Chem. Soc. 2007, 129, 2607-2514. 
 (22) Jin, Y.; Yu, C.-H.; Wang, W.-X.; Li, S.-C.; Zhang, W. Crystal Structures and Dielectric 
Properties of Two tert-Butylammonium Chlorocadmate(II) Complexes. Inorg. Chim. Acta 2014, 413, 97-
101. 
 (23) Desiraju, G. R.: Crystal Engineering: The Design of Organic Solids; Elsevier Science: 
Amsterdam and New York, 1989. 
 (24) Beatty, A. M. Open-Framework Coordination Complexes from Hydrogen-Bonded 
Networks: Toward Host/Guest Complexes. Coord. Chem. Rev. 2003, 246, 131-143. 
 (25) James, S. L. Metal-Organic Frameworks. Chem. Soc. Rev. 2003, 32, 276. 
 (26) Mitzi, D. B. Templating and Structural Engineering in Organic–Inorganic Perovskites. J. 
Chem. Soc., Dalton Trans. 2001, 1, 1-12. 
 (27) Billing, D. G.; Lemmerer, A. Inorganic–Organic Hybrid Materials Incorporating Primary 
Cyclic Ammonium Cations: The Lead Bromide and Chloride Series. Cryst. Eng. Comm. 2009, 11, 1549. 
 (28) Dobrzycki, L.; Woźniak, K. 1D vs 2D Crystal Architecture of Hybrid Inorganic–Organic 
Structures with Benzidine Dication. J. Mol. Struct. 2009, 921, 18-33. 
 (29) Lemmerer, A.; Billing, D. G. Synthesis, Characterization and Phase Transitions of the 
Inorganic-Organic Layered Perovskite-Type Hybrids [(C(n)H(2n+1)NH3)2PbI4], n = 7, 8, 9 and 10. Dalton 
Trans. 2012, 41, 1146-1157. 
 (30) Lemmerer, A.; Billing, D. G. Lead Halide Inorganic–Organic Hybrids Incorporating 
Diammonium Cations. Cryst. Eng. Comm. 2012, 14, 1954. 
 (31) Wang, S. M., D. B.; Field, C. A.; Guloy, A. Synthesis and Characterization of 
[NH2C(I):NH2}3MI5 (M = Sn, Pb): Stereochemical Activity in Divalent Tin and Lead Halides Containing 
Single .Itbbrac.110.rtbbrac. Perovskite Sheets. J. Am. Chem. Soc. 1995, 117, 5297-5302. 
 (32) Mitzi, D. B. L., K. Synthesis, Resistivity, and Thermal Properties of the Cubic Perovskite 
NH2CH=NH2SnI3 and Related Systems. J. Solid State Chem. 1997, 134, 376-381. 
 (33) Mitzi, D. B. F., C. A.; Harrison, W. T. A.; Guloy, A. M. Conducting Tin Halides with a 
Layered Organic-Based Perovskite Structure. Nature 1994, 369, 467-469. 
 (34) Mitzi, D. B. Synthesis, Crystal Structure, and Optical and Thermal Properties of 
(C4H9NH3)2MI4 (M = Ge, Sn, Pb). Chem. Mater. 1996, 8, 791-800. 
 (35) Knutsin, J. L. M., J. D.; Mitzi, D. B. Tuning the Band Gap in Hybrid Tin Iodide Perovskite 
Semiconductors Using Structural Templating. Inorg. Chem. 2005, 44, 4699-4705. 
 (36) Mitzi, D. B. W., S.; Field, C. A.; Chess, C. A.; Guloy, A. M. Conducting Layered Organic-
inorganic Halides Containing <110>-Oriented Perovskite Sheets. Science 1995, 267, 1473-1476. 
 (37) Mitzi, D. B. Synthesis, Structure, and Properties of Organic‐Inorganic Perovskites and 
Related Materials. Prog. Inorg. Chem. 1999, 48, 1-121. 
 (38) Papavassiliou, G. C. K., I. B. Structural, Optical and Related Properties of Some Natural 
Three-and Lower-Dimensional Semiconductor Systems. Synth. Met. 1995, 71, 1713-1714. 
 (39) Hong, X. I., T.; Nurmikko, A. V. Dielectric Confinement Effect on Excitons in PbI4- Based 
Layered Semiconductors. Phys. Rev. B. 1992, 45, 6961-6964. 
 (40) Takahashi, Y. O., R.; Nakagawa, K.; Nakano, M.; Tokita, J-y.; Inabe,T. Tunable Charge 
Transport in Soluble Organic–Inorganic Hybrid Semiconductors. Chem. Mater. 2007, 19, 6312-6316. 
 (41) King, R. B.: Encyclopedia of Inorganic Chemistry Second Edition. IA-C Wiley, 2005. 
 (42) Jarboui, A. O., A.; Adil, K.; Guidara, K.; Hlel, F. A New One-Dimensional Hybrid Material 
Lattice:AC Conductivity and Structural Characterization of [C7H12N2][CdCl4]. Ionics 2011, 17, 145-155. 
 (43) Jarboui, A.; Ousleti, A.; Adil, K.; Guidara, K.; Hlel, F. A new one-dimensional hybrid 
material lattice: AC conductivity and structural characterization of [C7H12N2][CdCl4]. Ionics 2010, 17, 145-
155. 
 (44) Costin-Hogan, C. E.; Chen, C.-L.; Hughes, E.; Pickett, A.; Valencia, R.; Rath, N. P.; 
Beatty, A. M. “Reverse”  Engineering: Toward 0-D Cadmium Halide Clusters. Cryst. Eng. Comm. 2008, 10, 
1910. 
 (45) Chen, C. L.; Beatty, A. M. From Crystal Engineering to Cluster Engineering: How to 




 (46) Corradi, A. B. C., M. R.; Manfredini, T.; Giusti, J.; Battaglia, L. P.; Saccani, A.; Sandrolini, 
F. Structural. Thermal, and Electrical Characterization of Bis(ethylethylene)diammonium Dichloride 
Tetrachlorocadmate(II) with Perovskitelike Structure. Chem. Mater. 1994, 6, 1499-1503. 
 (47) Corradi, A. B. C., M. R.; Saladini, M.; Giusti, J.; Saccani, A.; Sandrolini, F. Synthesis, 
Thermal and Electrical Characterization of 2-methylpentane-1,5-diammonium tetrachlorocadmate (II) with 
Perovskite-like Structure. Inorg. Chem. Acta. 1995, 233, 85-90. 
 (48) Subashini, A. M., P. T.; Bocelli, G.; Cantoni, A. Catena-
Poly[bis(sulfamethoxazolium)[[trichloridocadmate(II)]-μ-chlorido] monohydrate]. Acta. Crystallogr., Sect. 
E: Struct. Rep. Online. 2008, 64, m250-m251. 
 (49) Lu, D.-F.; Di, Y.-Y.; He, D.-H. Crystal Structure and Thermodynamic Properties of Phase 
Change Material bis(1-dodecylammonium) tetrachlorochromate (C12H25NH3)2CdCl4(s). Phase Trans. 2013, 
86, 1038-1050. 
 (50) Chapuis, G. Phys. Status. Solidi. B. 1977, 43, 203. 
 (51) Lv, X.-H.; Liao, W.-Q.; Wang, Z.-X.; Li, P.-F.; Mao, C.-Y.; Ye, H.-Y. Design and 
Prominent Dielectric Properties of a Layered Phase-Transition Crystal: 
(Cyclohexylmethylammonium)2CdCl4. Cryst. Growth Des. 2016, 16, 3912-3916. 
 (52) Doudin, B.; Chapuis, G. Structure of bis(n-butylammonium) tetrachlorocadmate(II). Acta 
Crystallogr., Sect. C: Cryst. Struct. Commun. 1992, 48, 1218-1220. 
 (53) Lartigue-Bourdeau, C.; Chanh, N. B.; Duplessix, R.; Gallois, B. Thermal Study and Crystal 
Structure of a Perovskite-Type Unsaturated Molecular Composite: Propargylamine and Cadmium Chloride 
Complex Salt. J. Phys. Chem. Solids 1993, 54, 349-356. 
 (54) Chapuis, G.; Arend, H.; Kind, R. Phys. Status. Solidi. A. 1975, 31, 449. 
 (55) Chapuis, G. Study of the First-Order Phase Transition of (C3H7NH3)2CdCl4 at 183 K by X-
ray Diffraction of the Two Phases. Acta Crystallogr., Sect. B: Struct. Sci. 1978, 34, 1506-1512. 
 (56) Willett, R. Propylenediammonium Tetrachlorocadmate(II). Acta Crystallogr., Sect. B: 
Struct. Sci. 1977, 33, 1641-1643. 
 (57) 卢冬飞, 邸., 窦建民. 四氯合镉酸正十一烷铵的合成、晶体结构及低温热容. 化学学报 
2012, 70, 889-896. 
 (58) Lamhamdi, A.; Mejdoubi, E.; Fejfarova, K.; Dusek, M.; El Bali, B. Poly[ethane-1,2-
diammonium tetra-[mu]-chlorido-cadmate(II)]. Acta Crystallogr., Sect. E. 2009, 65, m215-m216. 
 (59) Kefi, R.; Zeller, M.; Lefebvre, F.; Ben Nasr, C. Synthesis and Characterization of Bis(4-
methylbenzylammonium) Tetrachloridocadmate(II). Int. J. Inorg. Chem. 2011, 2011, 1-7. 
 (60) Kefi, R. M., E. G.; Zeller, M.; Nasr, C. B. CSD Communication (Private Communication) 
2011. 
 (61) Huang, X.-Y.; Ye, Q.; Meng, Q.-J.; You, X.-Z. 4,4'-Oxydianilinium 
Tetrachlorocadmate(II), an Intercalation Compound. Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 
1995, 51, 2285-2287. 
 (62) Azumi, R.; Honda, K.; Goto, M.; Akimoto, J.; Oosawa, Y.; Tachibana, H.; Nakamura, T.; 
Tanaka, M.; Matsumoto, M. Bis(4-nitroanilinium) Tetrachlorocadmate. Acta Crystallogr., Sect. C: Cryst. 
Struct. Commun. 1995, 51, 2534-2537. 
 (63) Ye, Q.; Meng, Q.-J.; You, X.-Z.; Huang, X.-Y. The Intercalation Compound 1,4-
Benzenediammonium Tetrachlorocadmate(II). Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 1996, 52, 
33-35. 
 (64) Azumi, R.; Honda, K.; Goto, M.; Akimoto, J.; Oosawa, Y.; Tachibana, H.; Tanaka, M.; 
Matsumoto, M. Bis(2-methyl-4-nitroanilinium) Tetrachlorocadmate. Acta Crystallogr., Sect. C: Cryst. 
Struct. Commun. 1996, 52, 588-591. 
 (65) Kaiba, A. CSD Communication (Private Communication) 2016. 
 (66) Gagor, A. W., A.; Czapla, Z.; Dacko, S. Structural Phase Transitions in 
Tetra(isopropylammonium)decachlorotricadmate(II), [CH3)2CHNH3]4Cd3Cl10, Crystal with a Two-
Dimensional Cadmium(II) Halide Netowork. Acta. Crystallogr., Sect. B: Struct. Sci. 2011, 67, 122-129. 
 (67) Liao, W.-Q.; Mei, G.-Q.; Ye, H.-Y.; Mei, Y.-X.; Zhang, Y. Structural Phase Transitions of 
a Layered Organic–Inorganic Hybrid Compound: Tetra(cyclopentylammonium) Decachlorotricadmate(II), 




 (68) Chanh, N. B. C., C.; Duplessix, R.; meresse, A.; Cousi, M.; Tieke, B. Thermal Behaviour 
and Room Temperature Crystal Structure of a Bidimensional Complex Salt of 4-Aminocinnamic Acid and 
Cadmium Chloride. Mol. Cryst. Liq. Crys 1990, 188, 261-271. 
 (69) Rong, T. Catena-Poly[tris(2,4,6- trimethylanilinium)[(tetrachloridocadmium)-μ-
chlorido]]. Acta. Crystallogr., Sect.E:Struct.Rep.Online. 2011, 67, m1139. 
 (70) Li, D.-G. L., C.-M.; You, X.-Z.; Fu, W.-Q.; Chen, W.; Lo, K. M. A. Novel Organic-
Inorganic Complex with a One-dimensional Helical Anion Chain: Crystal Structure and Thermal Study of 
Tris(4-bromobenzenammonium) Pentachlorocadmate [(Br[sbnd]C6H4NH3)3CdCl5]. J. Coord. Chem. 1998, 
46, 33-41. 
 (71) Jia, H.-L.; Jia, M.-J.; Zeng, G.; Jin, J.; Yu, J.-H.; Xu, J.-Q. Structural Characterization of a 
Series of New Organically Templated Chained Thiocyanato(halo)cadmates. Cryst. Eng. Comm. 2012, 14, 
6599-6608. 
 (72) Liao, W.-Q.; Ye, H.-Y.; Fu, D.-W.; Li, P.-F.; Chen, L.-Z.; Zhang, Y. Temperature-
Triggered Reversible Dielectric and Nonlinear Optical Switch Based on the One-Dimensional Organic–
Inorganic Hybrid Phase Transition Compound [C6H11NH3]2CdCl4. Inorg. Chem. 2014, 53, 11146-11151. 
 (73) Corradi, A. B. C., M. R.; Saladini, M. Design, Synthesis, Structural and Thermal 
Characterisation of Polymeric Chlorocadmate(II) Compounds with One-Dimensional Inorganic Chain 
Structures. Inorg. Chim. Acta 1997, 257, 19-26. 
 (74) Glaoui, M. E. K., R.; Lefebvre, F.; Jeanneau, E.; Nasr, C. B. Canadian J. Analytical. Sci. 
Spectroscopy. 2009, 53, 241. 
 (75) Thorn, A. W., R. D.; Twamley, B. Retro-Crystal Engineering Analysis of Two N-
Methylethylenediammonium Cadmium Halide Salts Obtained by Dimensional Reduction and 
Recombination of the Hexagonal CdX2 Lattice. Cryst. Growth. Des. 2005, 5, 673-679. 
 (76) Wang, S.; Ding, X.-H.; Li, Y.-H.; Huang, W. Effects of Strong Hydrogen Bonds and Weak 
Intermolecular Interactions on Supramolecular Assemblies of 4-fluorobenzylamine. J. Mol. Struct. 2015, 
1091, 98-108. 
 (77) Baklouti, Y.; chaari, N.; Feki, H.; Chniba-Boudjada, N.; Zouari, F. Crystal Structure, 
Vibrational Studies, Optical Properties and DFT Calculations of 2-amino-5-diethyl-aminopentanium 
tetrachlorocadmate (II). Spectrochim. Acta, Part A 2015, 136, Part B, 397-404. 
 (78) Jellibi, A.; Chaabane, I.; Guidara, K. Structural Characterization and Dielectric Properties 
of bis(4-acetylanilinium) tetrachlorocadmiate, [C8H10NO]2[CdCl4]. Polyhedron 2015, 88, 11-18. 
 (79) Glaoui, M. E. K., R.; Jeanneau, E.; Lefebvre, F.; Nasr, C. B. Canadian J. Analytical Sci. 
Spectroscopy. 2010, 54, 1. 
 (80) Liu, M.-L. Octakis(3-methylanilinium)hexachloridocadmate tetrachloride. Acta. 
Crystallogr., Sect. E: Struct. Rep. Online. 2011, 67, m1827. 
 (81) Kefi, R. Z., M.; Nasr, C. B. . CSD Communication (Private Communication) 2013. 
 (82) Wagner, B.; Warda, S. A.; Hitchman, M. A.; Reinen, D. Geometry and Electronic Structure 
of CuCl64-Polyhedra Doped into (3-Chloroanilinium)8[CdCl6]Cl4  An EPR and Structural Investigation. 
Inorg. Chem. 1996, 35, 3967-3974. 





















The work presented in this chapter focuses on creating CdCl compounds with 
ortho-substituted dianilines. The cadmium chloride structures with dianilinium 
counterions having H (1), Me (2) and Et (3) ortho-substituents were previously reported 
by Beatty group as discussed in Chapter 2.1,2 The objective of the work reported here was 
to synthesize organic cations with groups in the ortho position that are larger than an 
ethyl group (for example isopropyl or tert-butyl). These new organic compounds were 
then used to create new metal halide compounds. The dimensionalities and motifs of the 
new compounds are analyzed in this chapter. Single crystal x-ray crystallography on all 
new complexes allowed us to compare the new dianilinium structures with the 
monoanilinium structures in Chapter 2.  
Searches of the CSD tell us that using a di-anilinium cation rather than a mono-
anilinium cation will result in a more rigid structural motif. This is due to the rigidity of 
the “tether” that the di-anilinium compounds possess (Figure 3.1.1). The addition of a 
substituent with hydrogen bonding capabilities in the para position of the aniline ring 
allows a more stable structure formation. The additional hydrogen bonding allows for 
hydrogen bond formation to occur between the cation and the anion on both ends of the 
cation.   
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Figure 3.1.1. Sketch of benzidinium cation, a “tethered” version of the anilinium cation 
also shown.  
This “tethering” phenomenon is observed when comparing the monoanilinium 
compounds discussed in Chapter 2 with the dianilinium compounds previously reported 
by Beatty group.1 Compound 1 contains an additional ammonium head group on the 
counter ion, a “tether” in the para position, as shown in Figure 3.1.1 when compared to 4. 
The result is a greater stabilization of the 2-D layer than is observed in the case of aniline. 
This is because the additional group in the para position provides stability to the cation, 
as well as providing additional hydrogens which can interact with the metal halide layer 
to stabilize it. Without these extra hydrogen bond interactions and the rigidity offered by 
the para position “tether”, the metal halide is not able to form the typical perovskite layer. 
Instead, the layer expands as it tries to accommodate the ammonium head groups that 
form in staggered layers.  
As the size of the group in the ortho position increases with 3,3’-
dimethylbenzidine (2), an expanded 2-D layer is formed. The rigidity provided by the 
para position “tether” in the dianilinium complex does not allow for a more densely 






A hexameric cluster was formed when 3,3’-diethylbenzidine (3) was used as the 
organic cation. In this case, the ethyl group in the ortho position forced the layer to 
collapse and fomr dense clusters. This is similar to the monoanilinium counterpart using 
2-ethylaniline (7). Without the “tether” in the para position, the layer was still able to be 
formed. The formed layer was extremely cadmium dense when compared to that of a 
perovskite layer.  
 To that end, the organic dianiline compound 13 with a tert-butyl group in the 
ortho position was synthesized, and the resulting cadmium bromide complex 14 is 
reported. This structure was then compared to equivalent mono-anilinium compound (9). 
3. 2 Experimental 
All chemicals used, with the exception of solvents, were purchased from Sigma-
Aldrich and were used without further modifications. Methanol and ethanol were ACS 
reagent grade. The hydrobromic acid used was 47 %. The cadmium bromide used was 
CdBr2 · 4H2O (98 %). Additional X-ray crystal diffraction data can be found in Appendix 
I.  
3.2.1. Synthesis  
The general synthesis shown in Scheme 3.2.1.1 describes the reaction required to 
synthesize metal halide complexes. In general, a 1:2 molar ratio of dianiline:MX2 is 
reacted in a solution of alcohol. Acid is then added and stirred into the solution. The 
solution is then filtered and left to slowly evaporate to form crystals. The amount of HX 
added to the solution is a critical part of the sythesis. If too little is added to the solution, 
the amine group is not protonated and the [CdX6]2- octahedra cannot form. As a result, 
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the unprotonated amine coordinates directly to the cadmium center. If too much acid is 
added, the organic halide salt can quickly crystallize leaving the cadmium chloride in 
solution.  
 
Scheme 3.2.1.1: Synthesis of CdCl anilinium compounds 
The general synthesis of these compounds is from Beatty’s group in which a 
dianiline and CdCl2 were reacted in a molar ratio of 1:2 in an alcohol solution. 1,2  This 
was done in either a 20 mL vial or a 14 mL test tube. Four drops of acid were then added 
and the solution was stirred and filtered. Crystals formed upon slow evaporation of the 
solvent (Scheme 3.2.1.1). This method has provided the most success in the past for 
creating CdCl complexes. 
3,3’-di-tert-butyl-benzidine (13) and 3,3’-diisopropyl-benzidine have been 
synthesized in a two-part synthesis shown in Scheme 3.2.1.2.3 The ortho substituted 
aniline and sodium bicarbonate in water were placed in a round bottom flask. In an ice 
bath, and under constant stirring iodine was slowly added over the course of 45 mins. The 
ice bath was then removed and the reaction was stirred at room temperature for 6 hrs. The 
iodated aniline was then extracted in dicloromethane and dried over sodium sulfate. 
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Column chromatography was then used to obtain the pure product with yields of 93 % 
and 84 % for 2-tert-butyl-4-iodo-aniline and 2-isopropyl-4-iodo-aniline respectively.  
In the second step, the iodated aniline was reacted with palladium acetate, n-
tetrabutylammonium bromide, and tripotassium phosphate in a solution of isopropanol, 
N,N,-dimethylformamide, and water in a round bottom flask. The reaction was heated to 
115 ̊C under nitrogen and constant stirring for 8 hours. The final dianilinium product was 
then extracted with ethyl acetate and dried over sodium sulfate. The final pure product 
was obtained after column chromatography with yields of 80 % and 78 % for 3,3’-di-tert-
butyl-benzidine (13) and 3,3’-diisopropyl-benzidine respectively.  
  
Scheme 3.2.1.2: Synthesis of 3,3’-di-tert-butyl-benzidine and 3,3’-diisopropyl-benzidine 
Synthesis of 3,3’-di-tert-butylbenzidine cadmium bromide, (14) 
Four drops of concentrated HBr (47 %) were added to a solution of CdBr2·H2O 
(0.1 mmol) in methanol (2 mL). In a separate solution, 3,3’di-tert-butylbenzidine (0.1 
mmol) was dissolved in methanol (2 mL), the resulting solution was then added to the 
cadmium solution. The mixture was then sonicated for 0.25 h and filtered. Translucent, 
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purple single crystals suitable for X-ray diffraction analyses were obtained by slow 
evaporation of the clear reaction filtrate.  
3.2.2 X-Ray Crystallography 
The crystalline samples of compounds 13 and 14 were mounted on a MiTeGen 
dual-thickness microloop. All data were collected using a Bruker Kappa Apex II X-ray 
diffractometer. A graphite monochromated Mo Kα (λ = 0.71703 Å) radiation at 173 K 
was used for all samples. Using Olex24, the structure was solved by direct methods using 
SHELXS-975 and refined with SHELXL-975 using least squares minimization.  
 
Crystal structure determination of compound 13 
Crystal data, C20H28N2, M = 296.44, translucent brown block, 0.22 x 0.18 x 0.16 mm3, 
triclinic, space group P-1 (No. 2), a = 8.3824(10), b = 10.0825(12), c = 11.4668(14) Å, 
α=104.344(7)°, β = 93.392(7)°, γ = 113.643(6)°, V = 846.27(18) Å3, Z = 2, Dc = 1.163 
g/cm3, F000 = 324, Bruker APEX-II CCD, MoKα radiation,λ = 0.71073 Å,  T = 100(2)K, 
10331 reflections collected, 2766 unique (Rint = 0.0602). Final GooF = 1.055, R1 = 
0.0602, wR2 = 0.1784, R indices based on 3775 reflections with I >2sigma(I) (refinement 
on F2), 207 parameters, 0 restraints. Lp and absorption corrections applied, μ = 0.068mm-
1. 
Crystal structure determination of compound 14 
Crystal data, C10H15NCd0.5BrO0.5, M = 293.34, triclinic, space group P-1, a =  
13.682 (3) Å, b = 15.163 (3) Å, c = 49.381 (12) Å, α = 90.080 (6)°, β =90.032 (6)°, γ = 
94 
89.998 (6)°, V = 10245 (4) Å3, Z = 2, T = 100.0 K, 132576 reflections measured, 
18852unique (Rint = 0.1762) which was used in all calculations. The final R1 was 0.0579 
(>2σ(I)) and wR2 was 0.1630 for all data. 
3.3. Results 
During several attempts to crystalize the dianilinium chloro-cadimate product, the 
salt of compound 13 was crystalized. These crystals were then examined using X-Ray 
crystallography and are reported in Chapter 5. The organic crystal structure of the non-
protonated product was also obtained (13). 
The organic compound 3,3’-di-tert-butyl-benzidine was crystalized for the first 
time to form compound 13. This compound packs in the P-1 space group with one 
molecule in the asymmetric unit (Figure 3.3.1). The aryl rings are twisted with respect to 
one another with a torsion angle of 35.88 °. The tert-butyl groups point in opposite 
directions from one another. When viewed along the C axis, the compound packs in an 
alternating fashion. The twisting of the aryl rings out of the plan prevents π···π and 
hydrogen interactions from occurring in this structure. 
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Figure 3.3.1. Crystal structure of 3,3’-di-tert-butylbenzidinium 13 along the c axis.  
Many attempts were made to form crystals of new dianilinium compounds with 
cadmium chloride. Unfortunately, through the hundreds of samples prepared, only the 
organic salts or pure organic compound crystalized. It is apparent that the organic salt is 
simply less soluble than the inorganic compound and thus crystalizes first. Attempts were 
also made by pre-protonating the organic compound; this salt was then reacted with 
cadmium chloride. In these attempts the result was often the recrystallization of the salt 
or a fine white powder unsuitable for X-Ray crystal diffraction. This powder does 
however contain the metal halide, as the melting point of these powders were in excess of 
400 C.  
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Due to the difficulty of crystallization, the scope was broadened to include 
reactions where the halide used was changed from Cl to Br. Previous work has shown 
that the same metal halide motif as the Cl compounds can be formed when Br is used. For 
example, when CdCl2 or CdBr2 is reacted with aniline in the presence of HX, the same 
metal halide motif is formed.1,6 In both cases, the metal halide motif consists of linear 
trimers interconnected by corner sharing halides. In fact, both compounds crystalize in 
the orthorhombic Pbca space group and have very similar unit cell values (Table 3.3.1). 
Table 3.3.1 Unit Cell Data for [C24H32N4]4+[Cd3X10]4- 
Formula Space 
group 
a (Å) b (Å) c (Å) α (°) V 
[C24H32N4]4+[Cd3Cl10]4- Pbca 19.275  7.398 24.409 90 3480.966 
[C24H32N4]4+[Cd3Br10]4- Pbca 7.630 19.854 25.078 90 3798.966 
 
Compound 13 was reacted with Cadmium Bromide to form compound 14. Figure 
3.3.2 shows the asymmetric unit of 3,3’-di-tert-butylbenzidine with CdBr2 (14). It 
consists of eight CdBr4 monomers that, when packed, form dimers with the Cd-Br 
distance between the two dimers of ~4.33 Å. The asymmetric unit also contains seven 
water molecules and eight 3,3’-di-tert-butylbenzidine molecules. Figure 3.3.3 shows the 
packing along the A axis, The CdBr dimers form a “layer” while the organic molecules 
span the distance between each “layer”. The water molecules are found hydrogen 
bonding with the amine group of several of the 3,3’-di-tert-butylbenzidine molecules 




 Figure 3.3.2. Hydrogen bonding in the asymmetric unit of 14 
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 Figure 3.3.3. View along the A axis of 14. 
3.4 Discussion 
3.4.1 Known Cadmium Halide Structures 
A search of the Cambridge Structural Database (CSD) was conducted to 
determine how the new anilinium based structures compare to those previously reported. 
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The results of this search with cadmium chloride are reported in Chapter 2. The CSD was 
also used to search for CdBr based compounds. A search similar to that used for its 
chloride counterpart, was applied (Cd-Br and C-+NH3). This search yielded only 20 
structures which contained a protonated ammonium group and little to no disorder.  
Ten unique metal halide motifs were identified during the search of the CSD. The 
majority of these structures showed wide carbon chain cations with CdBr4 monomers. All 
of these structures had a M:X:N ratio of 1:4:2 (Table 3.4.1.1)7-13 Only two other 0-D 
motifs were observed from the search of the CSD. The first forms a CdBr63- monomer 
(Figure 3.4.1.1.) with 4,4’-methylenedibenzenaminium as the counter ion as shown in 
Figure 3.4.1.3.14 The second is a dimer consisting to of both a CdBr42- anion and a 
CdBr63- anion with cyclopentanaminium as the cation (Figure 3.4.1.4).15  
Figure 3.4.1.1. Left 0-D CdBr42- monomer, right 0-D CdBr63- monomer 
100 
 Figure 3.4.1.2. Sketches of the organic cations found with CdBr42- 0-D monomers 
 
Figure 3.4.1.3. Sketch of the organic cation found with CdBr63- monomers 
 
Figure 3.4.1.4. Sketch of the organic cation found with the 0-D dimer 
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Six 1-D structures with CdBr as the anion were found in the CSD. From this, four 
structural motifs were observed. Three of these structures formed 1-D chains via face-
sharing bromines (Figure 3.4.1.5), while the other structures shared bromines via edge or 
corner sharing (Figure 3.4.1.5).16-19  One structure did display a unique 1-D motif of a 
sawtooth chain that uses a combination of edge and corner sharing bromines (Figure 
3.4.1.5.).12 
 
Figure 3.4.1.5. A. Face shared B. Edge Shared C. Corner Shared 1-D cadmium bromide 
chains with a sketch of their cations. D. Combination of edge and corner shared chain 
with a sketch of the cation. 
Four 2-D cadmium bromide structures were found in the CSD. Two of these were 
typical perovskite layers with the cations shown in Figure 3.4.1.6.10 One structure formed 
a 2-D layer of linear trimers with aniline as mentioned previously.6 Finally, the last 
A.                                  B.                             C.                               D.  
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structure was a cadmium dense layer with a six point hole (Figure 3.4.1.7), similar to 
those shown in Chapter 2.20  
 
Figure 3.4.1.6. Sketches of the cations found when perovskite layers were formed.  
 
Figure 3.4.1.7. 2-D Cadmium bromide layer of MAQDAK. Sketch of the cation present 
in the crystal structure.  
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Table 3.4.1.1: Summary of C.S.D. Results    
Motif Description Dimensionality M:X:N Number of 
Structures 
CdBr4 Monomer 0-D 1:4:2 77-13 
CdBr6 Monomer 0-D 1:10:8 114 
CdBr4 + CdBr6 Dimer 0-D 1:9:6 115 
Infinite chain of CdBr3 connected through 
face sharing 
1-D 1:3:2 316-18 
Infinite chain of CdBr3 connected through 
edge sharing 
1-D 1:3:1 116 
Infinite chain of CdBr3 connected through 
corner sharing 
1-D 1:5:3 119 
Combination of edge and corner sharing 
bromines 
1-D 1:3:1 112 
Perovskite Layer 2-D 1:4:2 210 
Trimers connected through face shared Br 2-D 3:10:4 16 
Cadmium dense layer with a six point 2-D 3:8:2 120 
 
Interestingly, the metal halide motifs that were the same in both the Br and Cl 
structures also had identical M:X:N ratios. The Br and Cl structures also showed two 
examples where the motif was the same when the same organic cation was used. The first 
example of this with aniline can be found in Section 3.3.1. The second example is when 
propylenediamine was used as the organic cation; in both cases perovskite layers were 
formed.  
3.4.2. Crystal Structure Motifs and Metal:Halide:Nitrogen Ratios 
The cadmium to nitrogen ratios were examined in compound 14, as well as those 
previously published by Beatty group (Benzidine (1), 3,3’dimethylbenzidine (2), and 
3,3’-diethylbenzidine (3)).1,2 These complexes were compared to the monoanilinium 
complexes mentioned in Chapter 2 and those found in the CSD (Table 3.4.1.1). Each 
structural motif has a corresponding Cd:N ratio that is unique to it. In general, as the size 
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of the ortho substituent is increased the ratio of Cd:N increases, with 2-isopropylaniline 
serving as an exception. The cadmium:nitrogen:halide ratios, as well as Cd-Cl bond 
distances, can be found in Table 3.4.2.1. It is difficult to discern any trend within these 
results, as many of these compounds contain water molecules in the structure. In some 
cases, the water molecules are coordinated to the cadmium metal. Changes in bond length 
are observed, which is in agreement with the density of the structure changing. For 
example, face sharing, cadmium dense, motifs have long cadmium bond lengths 
compared to a less dense corner shared structure. After comparing the newly obtained 
compounds to those previously analyzed in the CSD it was found that the cadmium 
bromide motif of compound 14 appears to be new unique metal halide motif.  
 
Similar to the monoanilinium complexes described in Chapter 2, the dianilinium 
complexes display a binding “pocket” which the organic cation interacts with. This is 
most apparent in layered compounds, such as that of benzidine. In this compound, the 2-
D layer has holes in it shown in Figure 3.4.2.2 where the ammonium head group points. 
This allows for a N-H···Cl interaction to occur. This is shown in Figure 3.4.2.2, while the 
Table 3.4.2.1: M:X:N Ratios  
Organic Compound Ortho Group Cd:N Cd:Cl Cd-Cl (Å) 
Aniline H 3:4 3:10 2.52 (2) – 2.68 (2) 
2-chloroaniline Cl 1:1 1:4 2.48 (5) – 2.63 (7) 
2-methylaniline CH3 5:3 3:5 2.48 (1) – 2.66 (2) 
2-ethylaniline CH2CH3 2:1 1:5 2.41 (4) – 2.69 (1) 
2-isopropylaniline CH(CH3)2 1:2 1:4 2.43 (7) – 3.83 (7) 
2-tert-butylaniline C(CH3)3 11:2 11:12 2.55 (4) – 2.70 (2) 
2-aminobiphenyl C6H5 2:1 2:6 2.52 (2) – 2.81 (1) 
Benzidine H 1:2 1:4 2.43 (5) – 2.70 (1) 
3,3’-dimethylbenzidine CH3 1:2 1:4 3.14 (2) – 3.87 (4) 
3,3’-diethylbenzidine CH2CH3 1:4 6:19 2.81 (2) – 3.04 (2) 
3,3’-di-tert-butylbenzidine* C(CH3)3 1:2 1:2 2.55 (2) – 2.67 (2) 
* X = Br  
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Appendix I contains a complete list of the hydrogen interactions. A “pocket” is more 
difficult to discern in the 0-D structures, as the bulkiness of the ortho-substituent pushes 
the “pocket” apart.  
Table 3.4.2.2.: Crystal Structure of -NH3··· Cl Bonding Pocket 



















Complexes 1-3 have been previously discussed by Beatty group.2 When the size 
of the ortho-position was increased further using a tert-butyl group (14) the hexameric 
cluster broke down in size, forming monomers. The monoanilinium version of this 
structure did not form a 0-D structure. Without the rigidity of the dianilinium compound, 
the structure was able to maintain the formation of a 2-D layer. This layer is extremely 
cadmium dense and resembles half of a hexameric cluster attached to another to form the 
layer. 
As the metal halide structure becomes more closely packed, the coordination 
geometry of cadmium changes to allow the metal halide motif to condense. Thus, the 
number of terminal, corner, edge, and face shared chlorides changes. It is expected that in 
a very densely packed crystal structure the metal halide motif would consist mostly of 
edge or face sharing halides. These types of halide sharing allow more atoms to be 
packed into a unit cell than terminal or corner sharing halides. For example, an atom with 
only terminal halides is a monomer and cannot be packed as closely as an atom which 
shares multiple halides with the next atom. 
 
3.4.3 Hydrophobic-to-Total Volume Ratio 
The cadmium chloride structures found in the CSD were analyzed to determine 
their hydrophobic-to-total volume ratio. These ratios, presented as a percent of 
Table 3.4.2.3 Metal-Halide Bond 
Types 
 
Organic Terminal Corner  Edge Face 
 
Benzidine 33.33 % 0.00 % 66.67 % 0.00 % 
3,3’-dimethylbenzidine 25. 00 % 0.00 % 75.00 % 0.00 % 
3,3’-diethylbenzidine 28.57 % 0.00 % 71.43 % 0.00 % 
3,3’-di-tert-butylbenzidine 100.00 % 0.00 % 0.00 % 0.00 % 
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hydrophobic content, were then compared to the M:X ratio for the structure (Chapter 2 
Table 2.4.3.1). The metal:halide ratios for the compounds 1-12, 14, in combination with 
their corresponding hydrophobic-to-total volume ratio, agree with the general trend 
shown in Table 2.4.3.1. As the size of the organic moiety increases, the hydrophobic-to-
total volume ratio increases. In turn, we see that the M:X ratio increases as the cadmium 
becomes more densely packed. Finally, as the size of the organic moiety increases, more 
edge- and face-shared halides are present in the structure. 
3.4.4 Bond Distances and Cone Angles  
Bond distances and angles were measured using Mercury.21 Figure 3.4.4.1 shows 
that the distances d1 and d2 are the short and long Cl-X (X=Cl, Br) distances from the 
perovskite layer. These halide atoms point towards the N atoms of the organic 
compounds found between each perovskite layer. Figure 3.4.4.1 also shows that the 
angles Θ1 and Θ 2 are the corresponding small and large X-X-X (X=Cl, Br) angles found 
between the halide atoms, which point towards the N atoms of the organic compound 
found between the perovskite layers. d3 is the shortest X-N distance found between the 
perovskite layer and the N atom of the organic cation. The results of these measurements 
are displayed in Table 3.4.4.1 for the dianilinium complexes.   
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 Figure 3.4.4.1 Typical perovskite layer with d1 and d2 representing the short and long 
distances between Cl-Cl atoms. Θ1 and θ2 represent the small and large Cl-Cl-Cl angles 
 
 
Table 3.4.4.1 Bond distances and Angles of Dianilinium Complexes 


















































The cone angle for the group in the ortho position has also been calculated using 
the method established by Mϋller (Appendix III).22 This method uses the atomic centers 
of each atom instead of the surfaces of the van der Waals spheres of each atom 
(Tolman).23 This method allows the calculation to be based off of actual x-ray structures 
rather than idealized molecular models or geometries developed from molecular 
mechanics.  
Table 3.4.4.2 shows that as a general trend, the cone angle increases as the size of 
the ortho group increases. As expected, a linear trend is found: as the molecular volume 
increases, the cone angle increases. Further calculations comparing the cone angle to the 
M:X:N ratios, density, void space, and hydrophobic-to-total volume ratio can be found in 
the supplemental information.    
 
The bond distances for the monoanilinium complexes are reported in Appendix I. 
For these complexes, the distance between the amine group and the nearest chloride atom 
decreases as the cone angle increases (Figure 3.4.4.1, R2 = 0.99). The bond distances for 
the dianilinium complexes show that as the size of the group in the ortho position 
increases, the distance between the amine group and the nearest Cl atom increases. This 
is due to the increased steric bulk forcing the metal halide layer/cluster away from the 
amine group.  
Table 3.4.4.2 Cone Angles of Cadmium Chloride Complexes 
Organic cation Ortho group Ortho Group Cone Angle 
Benzidine H 27.01 
3,3’-dimethylbenzidine  CH3 39.99 
3,3’-diethylbenzidine CH2CH3 88.59 
3,3’-di-tert-butylbenzidine (4) C(CH3)3 148.19 
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The cone angles found in Table 3.4.4.2 were then compared to the M:X:N ratios 
shown in Table 3.4.2.1. In general, as the size of the ortho substituent is increased, the 
cone angle is increased, this results in an increases in the ratio of Cd:N. The exception to 
this rule is 3,3’-di-tert-butylbenzidine (14) which forms a 0-D monomer rather than the 
densely packed hexamer.  
 
 
Figure 3.4.4.2. Plot of N-Cl distance versus cone angle 
3. 5 Conclusions 
Varying the substituent in the ortho position causes a dramatic change to the 
overall structural motif observed. Each structural motif has a corresponding M:N:X ratio. 
As the size of the ortho substituent is changed, the dimensionality of the network also 
changes, from 2-D to 1-D to 0-D. Without the rigid linear dianilinium structure, the 





























N-Cl Distance vs. Cone Angle
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their “tethered” dianilinium counterparts. As the size of the group in the ortho position 
increases, the density of the cadmium chloride motif increases. This is shown in each 
structure’s M:X ratio. Exceptions to this rule occur when water molecules are present in 
the metal halide layer. Interestingly, as the hydrophobic-to-total volume ratio increases, 
the M:X ratio increases, demonstrating that larger organic compounds tend to have a 
more densely cadmium packed motif.  
More specifically, it was demonstrated that an increase in the size of the group in 
the ortho position causes an increase in the cone angle. This also causes an increase in the 
ratio of hydrophobic content. When the cone angle and the amount of hydrophobic 
content increase, the M:X:N ratio increases. As the hydrophobic portions of the structure 
increase, the hydrophilic, metal halide portions of the structure begin to condense and 
become closely packed. These closely packed networks show an increase in the amount 
of face sharing halides and edge sharing halides.  
Forcing the metal ions closer together causes a distortion in the coordination 
geometry of the metal. These distortions can have an impact on the physical properties 
displayed by the compound. Specifically, they can alter the impedance, dielectric 
constants, and the electronic band structure of these complexes.24-26 
All structures were crystalized in a similar manner with the same initial amounts 
of HCl. Though we know from the CSD that the amount of Cl-  atoms initially present 
can impact the structural motif, it is not obvious that this is the case for these news 
structures. Therefore, the dimensionality displayed in these structures is dictated by the 
size of the group in the ortho position and the addition of water in the crystal structure.  
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It is clear that further studies are needed to fully understand the nature of the 
relationship between the ortho-position and metal halide layer formation. Additionally, 
more research into the similarities and differences of the various metal halide motifs is 
necessary. This will allow for a better understanding of how the halide structures are 
related to one another. Further research will also help to clarify the relationship between 
the monoanilinium cations and the dianilinium cations.  
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In investigating the supramolecular structure of metal halides in combination with 
aryl-substituted ammonium counterions, a reaction between the metal halide and aryl 
group has been observed. The synthesis and crystal structures of these compounds, most 
of which have not been previously reported, are provided and described in detail. These 
halogenated compounds may find use in their own right, or they may also be useful as 
starting materials for a variety of synthetic transformations requiring the presence of 
halogen substituents.1-4 As these molecules may find broad application in the 
pharmaceutical, pigment or fine chemical industry, expanding usefully synthetic routes 
towards their synthesis is of significant value.5-10 Additionally, the broad application of 
CuBr2 in the halogenations of aryl substrates was further observed in the bromination of 
catechol. The syntheses and chemical characterization of our observed halogenation 
products are described herein.  
The goal of most crystal engineers remains the construction of well-defined 
supramolecular architectures via the programmed assembly of complementary molecular 
building blocks.11-14  This bottom-up approach to the design and syntheses of novel 
materials remains a common theme in modern material sciences. While the molecular 
building blocks are normally intended only for supramolecular synthesis (i.e. 
intermolecular interactions), it is also possible for a certain combination of components to 
undergo synthetic modification. Recently, we have been exploring the aggregates derived 
from transition metal halides and amines.15,16 In general these molecular components (i.e. 
amines and MX2, with M = Cu(II) and Cd(II), among others) give rise to a variety of 




network solids. However, in the course of these studies we observed that in reactions 
between CuBr2 and several aniline derivatives, single crystals of the brominated aniline 
derivatives were at times obtained. A chemical literature review informed us of the use of 
CuX2 (where X= Cl, Br) as efficient and inexpensive halogenating agents for a variety of 
aryl organic substrates.17-27 Aromatic halogenated compounds have long played a key 
role in synthetic organic chemistry. Often they are used as important intermediates in the 
synthesis of organometallic reagents.1-4 They have also been used for transition metal 
mediated coupling reactions. 5-10 The halogenated functionality is widely used in several 
industrial products such as pesticides, herbicides, insecticides, pharmaceutically active 
molecules, and flame retardants.28 
Traditional methods for synthesizing aromatic brominated compounds include a 
reaction with elemental bromine in the presences of a metal catalyst. Typically this 
requires harsh reaction conditions.29 This method is not ideal as liquid bromine is 
corrosive and quite hazardous. It often requires special equipment and care to transfer on 
a large scale, making it not ideal for industrial use. The resulting brominated acid waste 
also must be neutralized after the reaction reaches completion. Through the course of our 
studies we have discovered a more environmentally friendly and facile approach to the 
synthesis of brominated aryl compounds. The syntheses and chemical characterization of 







4. 2 Experimental 
All chemicals used, with the exception of solvents, were purchased from Sigma-
Aldrich and were used without further modifications. Methanol and ethanol were ACS 
reagent grade. The hydrobromic acid used was 48 %. The copper (II) bromide used was 
CuBr2 (99 %). Additional X-ray crystal diffraction data can be found in and Appendix I, 
NMR data can be found in Appendix IV. MS data can be found in Appendix V. 
4.2.1 X-Ray Crystallography 
Crystalline samples of 15-21 were mounted on a glass fiber. All data were 
collected using a Bruker Kappa Apex II X-ray diffractometer. A graphite monochromated 
Mo Kα (λ = 0.71703 Å) radiation at 173 K was used for all samples. The structure was 
solved by direct methods using SHELXS-9710 and refined with SHELXL-9710 using least 
squares minimization.  
Synthesis and Crystal Data 
1.  2,6-dibromo-4-phenylaniline (15)30 
Into a 20 ml scintillation vial was placed 22.3 mg (0.10 mmol) of CuBr2 and 0.40 
ml concentrated HBr (48 %) in 6.0 ml of ethanol. Then 16.9 mg (0.10 mmol) of 4-
phenylaniline was added to this mixture. The resulting solution was stirred for 30 minutes 
and then filtered. The filtrate was left to slowly evaporate under ambient conditions to 
give crystals of 15, which were suitable for single crystal X-ray analysis (8.3 mg, 30 % 
yield) with melting point 202-204 ˚C. 1H NMR (300 MHz, DMSO-d6) δ 7.75 (s, 2 H, 




(m, 1 H, Aryl CH), 5.47 (bs, 2 H, NH2). 13C NMR (75 MHz, DMSO-d6) δ 142.1, 137.6, 
130.5, 129.8, 127.1, 125.9, 108.3. High resolution mass spectrum of C12H9Br2N 
(expected molecular weight 327.0): [M+] m/z (%) 324.9 (52.0), 326.9 (100.0), 328.9 
(50.2).  
Crystal data for 2,6-dibromo-4-phenylaniline: C12H9Br2N, M = 327.02, colourless 
rectangular, 0.36 x 0.26 x 0.17 mm3, monoclinic, space group P21/n (No. 14), a = 
15.0723(8), b = 3.9338(2), c = 18.6498(11) Å, β = 101.759(3)°, V = 1082.57(10) Å3, Z = 
4, Dc = 2.006 g/cm3, F000 = 632, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,  
T = 100(2)K, 2θmax = 83.9º, 26266 reflections collected, 7493 unique (Rint = 0.0391). 
Final GooF = 1.016, R1 = 0.0296, wR2 = 0.0604, R indices based on 5605 reflections 
with I >2sigma(I) (refinement on F2), 136 parameters, 0 restraints. Lp and absorption 
corrections applied, μ = 7.450 mm-1. 
2.  3,3′,5,5′-tetrabromobenzidine (16)31  
Into a 20 ml scintillation vial was placed 44.7 mg (0.2 mmol) of CuBr2 and 0.4 ml 
of concentrated HBr (48 %) in 4.0 ml of methanol. Then 18.4 mg (0.1 mmol) of 
benzidine in 2.0 ml of methanol was added to the mixture. The solution was stirred for 30 
minutes and then filtered, and after heating for 72 hours at 65 ˚C yielded single crystals 
of 16, suitable for single crystal X-ray analysis (21.6 mg, 22 % yield) with melting point 
>340 ˚C. 1H NMR (300 MHz, DMSO-d6) δ 7.68 (s, 2 H, Aryl CH), 7.58 (s, 2 H, Aryl 
CH), 5.48 (bs, 4 H, NH2). 13C NMR (75 MHz, DMSO-d6) δ 140.9, 128.3, 127.6, 125.8, 




499.8): [M+] m/z (%) 495.7 (17.9), 497.7 (68.2), 498.7 (11.0), 499.7 (100), 500.7 (14.7), 
501.7 (64.9), 503.7 (15.8). 
Crystal data for 3,3’,5,5’-tetrabromobenzidine: C12H8Br4N2, M = 402.17, 
colourless rectangular, 0.24 x 0.23 x 0.11 mm3, monoclinic, space group P21/n (No. 14), a 
= 8.0604(8), b = 4.1952(5), c = 19.027(2) Å,  β = 95.723(7)°,  V = 640.17(13) Å3, Z = 4, 
Dc = 2.087 g/cm3, F000 = 383, Bruker APEX-II CCD, MoKα radiation,λ = 0.71073 Å,  T = 
100(2)K, 28942 reflections collected, 6474 unique (Rint = 0.0299). Final GooF = 0.989, R1 
= 0.0325, wR2 = 0.1269, R indices based on 1842 reflections with I >2sigma(I) (refinement 
on F2), 82 parameters, 0 restraints. Lp and absorption corrections applied,μ = 89.429 mm-
1.  
3.  4,4′′-diamino-3,3′′,5,5′′-tetrabromo-p-terphenyl (17)  
Into a 20 ml scintillation vial was placed 44.7 mg (0.2 mmol) of CuBr2 and 0.4 ml 
concentrated HBr (48 %) in 4.0 ml of Ethanol. Then a solution of 26.0 mg (0.1 mmol) of 
4,4′′-p-terphenyl in 3.0 ml of methanol was added to this mixture. The solution was 
stirred for 30 minutes and then filtered, and after 72 hours at 65 ˚C gave single crystals of 
17, suitable for single crystal X-ray analysis (23.1 mg, 23 % yield) with melting point 
251-253 ˚C. 1H NMR (300 MHz, DMSO-d6) δ 7.79 (s, 4 H, Aryl CH), 7.70 (s, 2 H, NH2), 
7.64 (s, 4 H, Aryl CH). 13C NMR (75 MHz, DMSO-d6) δ 142.2, 136.0, 129.5, 126.6, 
126.2, 106.2. High resolution mass spectrum of C18H12Br4N2 (expected molecular weight 





Crystal data for 4,4′′-diamino-3,3′′,5,5′′-tetrabromo-p-terphenyl: C18H12Br4N2, M = 
575.94, black plates, 0.37 x 0.16 x 0.10 mm3, monoclinic, space group P21/n (No. 14), a = 
8.1431(6), b = 4.5666(4), c = 23.3589(19) Å, β = 95.235(4)°, V = 865.01(12) Å3, Z = 2, Dc 
= 2.211 g/cm3, F000 = 548, Bruker APEX-II CCD, MoKα radiation,λ = 0.71073 Å,  T = 
100(2)K, 2θmax = 71.7º, 14783 reflections collected, 3951 unique (Rint = 0.0378). Final 
GooF = 1.116, R1 = 0.0405, wR2 = 0.0996, R indices based on 3091 reflections with I 
>2sigma(I) (refinement on F2), 109 parameters, 0 restraints. Lp and absorption corrections 
applied,μ= 9.307 mm-1. 
4.  2,4-dibromo-6-isopropylammonium bromide•water (18) 
Into a 20 ml scintillation vial was placed 22.3 mg (0.1 mmol) of CuBr2 and 8.0 ml 
of concentrated HBr (48 %). Another solution containing 13.5 mg (0.1 mmol) of 2-
isopropylaniline in 5.0 ml diethyl ether was layered onto this mixture.  This mixture was 
then allowed to slowly evaporate under ambient conditions over several days, to give 
single crystals of 18 suitable for X-ray analysis (16.4 mg, 42 % yield) with melting point 
163-165 ˚C. 1H NMR (300 MHz, DMSO-d6) δ 7.41 (s, 1 H, Aryl CH), 7.12 (s, 1 H, Aryl 
CH), 3.04 (q, J= 6.6 Hz, 1 H, (CH3)2CH), 1.12 (q, J= 9.8 Hz, 1 H, (CH3)2CH). 13C 
NMR (75 MHz, DMSO-d6) δ 141.6, 135.4, 131.0, 127.2, 109.0, 107.2, 27.6, 23.0. High 
resolution mass spectrum of C9H11Br2N2 (expected molecular weight 290.9): [M+] m/z 
(%) 290.9 (45.3). 
Crystal data for 2,4-dibromo-6-isopropylammonium bromide•water: C9H14Br3NO, 
M = 391.94, colourless rod, 0.35 x 0.16 x 0.11 mm3, monoclinic, space group P21/c (No. 
14), a = 15.0919(9), b = 11.7440(7), c = 7.2689(4) Å,β = 91.490(3)°, V = 1287.90(13) Å3, 




Å,  T = 296(2)K, 2θmax = 51.0º, 32077 reflections collected, 2452 unique (Rint = 0.083). 
Final GooF = 1.096, R1 = 0.0507, wR2 = 0.1203, R indices based on 1992 reflections with 
I >2sigma(I) (refinement on F2), 135 parameters, 1 restraint. Lp and absorption corrections 
applied, μ = 9.369 mm-1. 
5.  4-amino-3,5-dibromobenzophenone (19) 
Into a 20 ml scintillation vial was placed 22.3 mg (0.1 mmol) of CuBr2 and 0.4 ml 
of concentrated HBr (48 %) in 6.0 ml of ethanol. Then 19.7 mg (0.1 mmol) of 4-
aminobenzophenone was added to the mixture, and the resulting solution was stirred for 
30 minutes, filtered, and left to slowly evaporate under ambient conditions over several 
days to give single crystals of 19 suitable for X-ray structural analysis (8.8 mg, 25 %) 
with melting point 119-121 ˚C. 1H NMR (300 MHz, DMSO-d6) δ 7.77 (s, 2 H, Aryl CH), 
7.69 – 7.61 (m, 3 H, Aryl CH), 7.59 – 7.50 (m, 2 H, Aryl CH), 6.32 (bs, 2 H, NH2). 13C 
NMR (75 MHz, DMSO-d6) δ 192.51, 147.80, 138.00, 134.74, 132.81, 129.69, 129.24, 
127.04, 107.15. High resolution mass spectrum of C13H9Br2NO (expected molecular 
weight 355.0):  [M+] m/z (%) 352.9 (54.3), 354.9 (100), 356.9 (51.9). 
Crystal data for 2,6-dibromoacetophenoneaniline: C13H9Br2NO, M = 355.03, 
colourless rectangular, 0.32 x 0.25 x 0.23 mm3, orthorhombic, space group Pna21 (No. 
33), a = 16.2822(11), b = 3.9678(3), c = 18.2805(13) Å, V = 1181.00(15) Å3, Z = 4, Dc = 
1.997 g/cm3, F000 = 688, Bruker APEX-II CCD, MoKα radiation,λ = 0.71073 Å,  T = 
100(2)K, 2θmax = 75.5º, 28942 reflections collected, 6167 unique (Rint = 0.0333). Final 
GooF = 0.997, R1 = 0.0230, wR2 = 0.0429, R indices based on 5523 reflections with I 




applied,μ = 6.844 mm-1. Absolute structure parameter = 0.003(5) (Flack, H. D. Acta 
Cryst. 1983, A39, 876-881). 
6.  4-bromo-2,6-diisopropylanilinium bromide•0.4bromine (20) 
Into a 20 ml scintillation flask was placed 22.3 mg (0.1 mmol) of CuBr2 and 0.40 
ml of concentrated HBr (48 %) in 6.0 ml of ethanol. To this mixture was then added 14.9 
mg (0.1 mmol) of 2,6-diisopropylaniline. The resulting solution was stirred for 30 
minutes, filtered and the filtrate was left to slowly evaporate under ambient conditions 
over several days to give single crystals of 20 suitable for X-ray structural analysis (1.3 
mg, 3 % yield) with melting point 201-203 ˚C. This material could not be characterized 
sufficiently by 1H NMR and 13C NMR, however high resolution mass spectral analysis 
does provide the expected value. High resolution mass spectrum of C9H11Br2N2 (expected 
molecular weight 257.2): [M+] m/z (%) 255.1 (92.1), 257.0 (95.9). 
  
Crystal data for 4-bromo-2,6-diisopropylanilniium bromine adduct: C12H19Br2.38N, 
M = 367.07, colourless rod, 0.36 x 0.13 x 0.09 mm3, orthorhombic, space group Pbca (No. 
61), a = 24.225(5), b = 9.0417(17), c = 26.173(5) Å, V = 5732.9(19) Å3, Z = 16, Dc = 1.701 
g/cm3, F000 = 2898, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,  T = 100(2)K, 
2θmax = 54.6º, 60581 reflections collected, 6420 unique (Rint = 0.0747). Final GooF = 1.031, 
R1 = 0.0330, wR2 = 0.0595, R indices based on 4773 reflections with I >2sigma(I) 
(refinement on F2), 291 parameters, 0 restraints. Lp and absorption corrections applied, μ 





7.  3,4,5,6-tetrabromobenzene-1,2-diol (21)  
Into a 20 ml scintillation vial was placed 22.3 mg (0.1 mmol) of CuBr2 and 8.0 ml 
of concentrated HBr (48 %). Onto this solution was then layered another solution 
containing 11.0 mg of catechol in 5.0 ml of methanol. This mixture was then left to 
slowly evaporate under ambient conditions over several days to give single crystals of 21 
suitable for X-ray structural analysis (16.4 mg, 24 % yield) with melting point 182-184 
˚C. 1H NMR (300 MHz, DMSO-d6) δ 10.23 (s, 2 H, Aryl OH).  13C NMR (75 MHz, 
DMSO-d6) δ 114.6, 116.7, 113.8. High resolution mass spectrum of C6H2Br4O2 (expected 
molecular weight 425.7): [M+] m/z (%) 421.7 (18.3), 423.7 (69.5), 425.7 (100), 427.7 
(66.0), 429.7 (16.1). 
Crystal data for tetrabromobenzene-1,2-diol: C12H6Br8O5, M = 869.45, brown 
needle, 0.58 x 0.11 x 0.08 mm3, triclinic, space group P-1 (No. 2), a = 3.9630(3), b = 
15.0416(14), c = 17.0080(16) Å, α = 67.612(5), β = 85.028(5), γ = 89.102(5)°, V = 
933.73(14) Å3, Z = 2, Dc = 3.092 g/cm3, F000 = 796, Bruker APEX-II CCD, MoKα 
radiation, λ = 0.71073 Å,  T = 100(2)K, 2θmax = 54.5º, 15134 reflections collected, 4056 
unique (Rint = 0.0441). Final GooF = 1.047, R1 = 0.0316, wR2 = 0.0801, R indices based 
on 3397 reflections with I >2sigma(I) (refinement on F2), 236 parameters, 2 restraints. Lp 








4. 3 Results 
The reaction of 4-phenylaniline and CuBr2 afforded previously reported 2,6-
dibromo-4-phenylaniline 15 in moderate yield (Figure 4.3.1).29 One molecule of the 




These molecules are interconnected via NH···N hydrogen bonds to form linear 
chain networks, with the aryl portion external to the hydrophilic hydrogen bonding 
center. The aryl groups within the molecule are slightly twisted with respect to each 
other, but neighboring aryl groups are aligned parallel. The aryl groups of neighboring 
chains are not interdigitated, and therefore interact only weakly with each other 
throughout the structure. NH···Br hydrogen bonding interactions, if present, are very 
weak (see distances in Table 4.3.1).   Benzidine also reacts with CuBr2 to give 3,3′,5,5′-
tetrabromobenzidine 16, an alternative synthesis of which has been previously reported.30 
Figure 4.3.1. Synthesis and crystal structure of 2,6-dibromo-4-phenylaniline 15, 




This compound packs in a monoclinic P21/n unit cell with one half of the molecule in the 
asymmetric unit. The molecules interact in a similar fashion to those in 1, the major 
difference being that the two aryl rings are co-planar, and that the NH···N hydrogen 
bonding interactions necessarily occur on both ends of the molecule. The diamine thus 
forms 2-D hydrogen bonded sheets (Figure 4.3.2). Individual wave-like layers interact 
with each other via weak Br···Br (3.83 (2) Å) interactions. 
   
  
The halogenations of 4,4′′-diamino-p-terphenyl by CuBr2 to give a new 
unreported compound, 4,4′′-diamino-3,3′′,5,5′′-tetrabromo-p-terphenyl in appreciable 
yields. The product packs in the monoclinic P21/n space group with one half of a 
molecule in the asymmetric unit. The middle aryl ring of each molecule is twisted out of 
Figure 4.3.2. Synthesis and crystal structure of 3,3′,5,5′-tetrabromobenzidine 16, which displays an 




plane with respect to the outer aryl groups, which are coplanar. The hydrogen-bonded 2-
D sheet is very similar to that of 16, (Figure 4.3.3). These sheets further interact with 





The CuBr2-mediated bromination of 2-isopropylaniline in the presence of aqueous 
hydrobromic acid gave rise to another new compound, the 2,4-dibromo-6-
isopropylanilinium bromide water adduct 18. In the solid state this complex packs in the 
monoclinic P21/c space group. Complex 18 forms one-dimensional chains mediated by 
hydrogen bonding interactions between the ammonium +NH···OH (water) and +NH···Br- 
interactions with the organic aryl groups perpendicular to these propagating connections. 
Figure 4.3.3. The synthesis and crystal structure of 4,4′′-diamino-3,3′′,5,5′′-tetrabromo-p-




These chains are then cross-linked by water OH···Br- hydrogen bonds to form ribbons, 
which interdigitate with each other to define a layer in the ab plane. Overall the complex 
adopts a bilayered architecture with Br···Br interactions (3.44 (2) Å) defining the closest 





Compound 19, 4-amino-3,5-dibromobenzophenone, is a new complex obtained 
from 4-aminobenzophenone via the above described method. The molecules of 19 form 
extensive one dimensional chains mediated by weak carbonyl O···NH hydrogen bonding 
Figure 4.3.4. 2,4-dibromo-6-isopropylanilinium bromide (a) Interdigitation of one dimensional 
water mediated hydrogen bonded chains of compound 18; (b) Bilayer arrangement of hydrogen 





interactions, with a distance equal to 3.05(2) Å. The 1D chains are then associated via 
weak dispersive forces in the other two dimensions throughout the structure (Figure 
4.3.5).  
Figure 4.3.5. Synthesis of 4-amino-3,5-dibromobenzophenone 19 which assembles in one 





Compound 20, 4-bromo-2,6-diisopropylanilinium bromide•2/5 bromine, an 
unreported product, was obtained as brown crystals in very low yield via the CuBr2 
mediated bromination of 2,6-diisopropylanilinium in ethanol. Note that although 
compound 20 is unreported, the neutral aniline has been previously reported.31-35 These 4-
bromo-2,6-diisopropylanilinium bromide groups form extensive one dimensional 
networks mediated by +N-H···Br- hydrogen bonds affording intricate chains (Figure 
4.3.6). Slightly offset chains are cross-linked by the weak Br···Br- interactions to form 
wave like two dimensional grid-like layers. The aryl groups that project from the surface 
of these layers interdigitate with those on adjacent layers thereby forming a close packed 
solid.         
 
   Figure 4.3.6 Synthesis of 4-bromo-2,6-diisopropylanilinium bromide•2/5 bromine 





The CuBr2 mediated bromination of catechol (benzene-1,2-diol) afforded 
tetrabromobenzene-1,2-diol, 21, in appreciable yield. These molecules aggregate forming 
columns, the interiors of which are defined by the ring formed from four 
tetrabromobenzene-1,2-diol molecules with the two water molecules present in the lattice 
via ROH···OH2 hydrogen bonding interactions (Figure 4.3.7a). Each water molecule in 
each ring unit then forms hydrogen bonds to another ring via aryl OH···O interactions, 
leading to the assembly of a column. The surface of these columns is decorated with the 
bromine substituents of the assembled aryl groups. These columns are close packed in the 
solid state and exhibit significant halogen-halogen interaction with Br···Br distances 





Figure 4.3.7. Synthesis of tetrabromobenzene-1,2-diol (a) Repeating macrocyclic 
unit in crystal structure of compound 21; (b) Close packed column of 21 which 




Table 4.3.1 Hydrogen Bonding Parameters [Å and °] 
D-H···A D-H H···A D···A D-H···A Symmetry Operation 
Compound 15      
N1-H1A···Br2 0.88          2.65         3.078(12)    111.5          
N1-H1A···Br1 0.88          3.03 3.657(11)    129.9         -x+3/2, y-1/2, -z+1/2 
N1-H1B···N1 0.88          2.32 3.107(17)    148.8         -x+3/2, y+1/2,-z+1/2 
N1-H1B···Br1 0.88         2.66 3.092(11)    111.4          
      
Compound 16      
N1-H1A···Br2 0.88 2.55 2.979(2) 110.5  
N1-H1A···Br1 0.88 2.93 3.549(2) 129.1 -x+3/2,y+1/2, -z+3/2 
N1-H1B···N1 0.88 2.31 3.045(3) 141.5 -x+3/2,y+1/2, -z+3/2 
N1-H1B···Br1 0.88 2.64 3.059(2) 110.6  
      
Compound 17      
N1-H1A···Br2 0.88          2.65          3.078(3)      110.9          
N1-H1A···Br1 0.88          2.90 3.549(2)      132.2         -x+3/2, y-1/2, -z+1/2 
N1-H1B···N1 0.88          2.42 3.134(3)      138.0         -x+3/2, y-1/2, -z+1/2 
N1-H1B···Br1 0.88         2.64 3.076(3)      111.6         
N1-H1A···Br2 0.88          2.65          3.078(3)      110.9          
      
Compound 18      
N1-H1A···Br3 0.89 2.35 3.226(6)      169.8 x, y, z-1 
N1-H1B···O1S 0.89 2.23 2.989(8)      142.3         -x+2, -y-1, -z-1 
N1-H1B···Br1 0.89 2.51 3.095(6)      124.1          
N1-H1C···O1S 0.89 1.90 2.761(9)      160.8          
O1S-H1SA···Br3 1.01(7) 2.30(8)       3.283(6)      163(9)         
O1S-H1SB···Br3 1.01(7) 2.37(7)       3.376(6)      170(7)       -x+2, -y-1, -z-1 
O1S-H1SB···Br1 1.01(7) 2.95(8)       3.445(6)      111(5) -x+2, -y-1, -z-1 
      
Compound 19      
N1-H1A···Br2 0.88          2.62        3.063(12)    112.2          
N1-H1B···O1 0.88          2.41 3.049(16)    129.7         -x, -y+1, z-1/2 
N1-H1B···Br1 0.88          2.63 3.072(13)    112.0          
      
Compound 20      
N1-H1A···Br3 0.91 2.60 3.406(17)    148.2         -x+1/2, y-1/2, z 
N1-H1B···Br3 0.91 2.45 3.335(17)    164.5         x, y-1, z 
N1-H1C ···Br4 0.91 2.32 3.209(16)    167.3          
N2-H2A···Br4 0.91 2.27 3.177(17)    171.7          
N2-H2B···Br3 0.91 2.64 3.462(17)    150.2         -x+1/2, y-1/2, z 
N2-H2C···Br3 0.91 2.46 3.333(17)    161.5          
      
Compound 21      
O1_a-H1_a···O1S 0.84          2.02          2.774(5)      149.7         -x+1, -y+1, -z+2 
O3_a-H3_a···O1S 0.84          1.99 2.813(6)      166.7          
O2_b-H2_b···Br1 0.84          2.53 3.068(4)      123.0          
O2_b-H2_b···Br8 0.84          2.90 3.643(4)      148.4         -x+1, -y+1, -z+2 
O4_b-H4_b···Br5 0.84          2.46 3.017(3)      124.7          




O1S-H1SB···O1 0.899(5)      1.91(2)       2.774(5)      160(6)        -x+2, -y+1, -z+2 
O1S-H1SB···O2 0.899(5)      2.59(6)       3.106(5)      117(5)        -x+2, -y+1, -z+2 
 
4. 4 Discussion 
The bromo- and chloro- salts of Cu(II) are known to afford halogenations 
products under certain reaction conditions with a variety of organic molecules.28,29 
Although the aim of our studies was directed at the construction of novel materials, it 
proved to be useful in accessing some previously unobserved compounds in some cases 
and in others, a facile alternative route to known compounds that may be useful starting 
material in other endeavors. In addition, some of the molecules obtained display a variety 
of non-covalent interactions in the solid state. For instance, the two dimensional network 
observed in compound 20 derived via the cross-linking of the one dimensional hydrogen 
bonded chains by the presence of sub-stoichiometric bromine molecules. The presence of 
these bromine molecules in the solid state is not unusual and in this instance is indeed 
important in the construction of the assembly.36-43 Their (Br2) presence may also be 
useful in ascertaining the mechanism of the bromination reaction. Further, the presence of 
these bromine species (charged and neutral alike) also gives rise to a number of halogen 
bonding interactions.44-47 In general these reactions follow the expected substitution 
pattern, i.e. ortho and para substitution. However, although identical acidic conditions 
were employed in all the reactions described above, the type of product vis-à-vis charged 
anilinium species or discreet brominated aniline derivatives differed from one reaction to 
the other. We believe that since these products were obtained solely by crystallization, 





Table 4.4.1 Halogen Bonding Distances (Å) 
Halogen Interaction Br···Br Symmetry Operation 
   
Compound 16   
Br1···Br2 3.657(6) x+1, y, z 
Br2···Br1 3.657(6) -x+2, -y+2, -z+1 
Br2···Br2 3.660(1) -x+1, -y+1, -z+1 
   
Compound 17   
Br1···Br1 3.682(5) -x+1/2, y-1/2, -z+1/2 
Br1···Br1 3.682(5) -x+1/2, y+1/2, -z+1/2 
   
Compound 18   
Br1···Br3 3.442(1) -x+2, y+1/2, -z-1/2 
Br3···Br1 3.442(1) -x+2, y-1/2, -z-1/2 
   
Compound 20   
Br4···Br5 3.286(8) x, -y+3/2, z-1/2 
Br5···Br4 3.286(8) x, -y+3/2, z+1/2 
   
Compound 21   
Br1···Br1 3.654(1) -x, -y+1, -z+3 
Br···Br1 3.664(1) -x+1, -y+1, -z+3 
Br2···Br7 3.638(7) x, y, z+1 
Br1···Br8 3.536(7) -x+2, -y+1, -z+2 
Br3···Br5 3.678(8) -x+2, -y+2, -z+2 
Br7···Br2 3.638(7) x, y, z-1 
Br8···Br1 3.536(7) -x+2, -y+1, -z+2 
Br5···Br3 3.678(8) -x+2, -y+2, -z+2 
Br6···Br7 3.619(8) -x+2, -y+2, -z+1 
Br7···Br6 3.619(8) -x+2, -y+2, -z+1 
 
4. 5 Conclusion 
In summary, we have described the synthetic routes to seven organic molecules 
which were obtained serendipitously. Although these synthetic protocols, as reported, 
are not optimized, they provide a facile route to these molecules, using considerably 
less harsh conditions than are usually employed. Furthermore, some of these 




reactions and supramolecular assemblies, among others. These interests represent an 
additional direction in our research. Broadly similar outcomes have been observed in 
other supramolecular synthetic processes such as in situ ligand synthesis often 
observed in the synthesis of coordination polymers.48  As such, the observations 
presented herein should serve as a reminder that reactions not envisaged at the onset 
of the start of supramolecular synthesis may occur, and in some cases may give rise to 
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In investigating the supramolecular structure of metal halides in combination with 
aryl-substituted ammonium counterions, a reaction between the halide acid (HX; X = Cl, 
Br) and aryl group has been observed. The synthesis and crystal structures of these 
compounds, which have not been previously reported, are provided and described in 
detail. Organic salts are known to deliver a diverse set of structural motifs.1-6 This is due 
to the structural anisotropy of the molecules as well as a variety of non-covalent 
interactions such as electrostatic, hydrogen bonding, van der Waals, charge-transfer, and 
hydrophobic interactions.1,4,7 These halide salt compounds may find use in their own 
right, or they may also be useful as starting materials for a variety of synthetic 
transformations requiring the presence of organic salts.8-13 As these molecules may find 
broad application in multiple synthetic reactions, expanding usefully synthetic routes 
towards their synthesis is of significant value.12-19 The syntheses and chemical 
characterization of our observed organic halide salts are described herein.  
 Until recently, halogen bonds were rarely used by crystal engineers as they were 
thought to be too weak.20-23 In the late 90’s however, Resnati and Metrangolo studied the 
use of aliphatic amines with perfluorocarbon (PFC) iodides.24,25 From this work, it was 
discovered that strong halogen-nucleophilic interactions were formed. A short distance 
interaction was found between the N atom of the amine and iodide (CPFC-I···N = 2.8 Å) 
allowing the formation of a stable co-crystal.22-25 Utilizing this halogen bond has become 
a staple in the crystal engineering field. Halide salts have been reported to be used as 




oxidations, reductions, polymerizations, transition metal co-catalyzed reactions.4,12,13,26 
They also find use in industrial methods as corrosion inhibitors.4,12,26 
Recently, we have been exploring the aggregates derived from transition metal 
halides and amines.29,30 In general these molecular components (i.e. amines and MX2, 
with M = Cu(II) and Cd(II), among others) give rise to a variety of architectures which 
include discrete polynuclear aggregates, and multidimensional network solids. However, 
in the course of these studies we observed that in cases where excess acid was used, 
single crystals of the halide salt were often formed. Aromatic halogenated compounds 
have long played a key role in synthetic organic chemistry. Often, they are used as 
important intermediates in the synthesis of organometallic reagents.8-11 Organic salts have 
also been used for transition metal mediated coupling reactions. 4,14-19 The halogenated 
functionality is widely used in several industrial products such as pesticides, herbicides, 
insecticides, pharmaceutically active molecules, and flame retardants.4,12,13,31-34 
5. 2 Experimental 
All chemicals used, with the exception of solvents, were purchased from Sigma-
Aldrich and were used without further modifications. Methanol and ethanol were ACS 
reagent grade. The hydrobromic acid used was 48 %. The hydrochloric acid used was 
reagent grade 37 %. The cadmium (II) bromide used was CdBr2 ·4H2O (98 %). The 
cadmium (II) chloride used was CdCl2·2½ H2O (98 %). The manganese (II) chloride used 
was MnCl2·4H2O (99 %). Additional X-ray crystal diffraction data can be found in 






Crystalline samples of 22-30 were mounted on a glass fiber. All data were 
collected using a Bruker Kappa Apex II X-ray diffractometer. A graphite monochromated 
Mo Kα (λ = 0.71703 Å) radiation at 173 K was used for all samples. The structure was 
solved by direct methods using SHELXS-9710 and refined with SHELXL-9710 using least 
squares minimization.  
1.  2-chloroanilinium chloride (22)  
Into a 20 mL scintillation vial was placed 18.83 mg (0.10 mmol) of CdCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 12.76 mg (0.10 mmol) 
of 2-chloroaniline in 2 mL of ethanol was added. The resulting solution was sonicated in 
a 20 mL scintillation vial for 5 mins before being allowed to slowly evaporate. Needle 
shaped colorless crystals formed after several days. 
Crystal data for 2-chloroanilinium chloride: C12H14Cl4N2, M = 328.05, needle, 
0.185 x 0.116 x 0.094 mm3, orthorhombic, space group Pca21 (No. 29), a = 15.4980(3), b 
= 5.32710(10), c = 8.6884(2) Å, V = 717.31(3) Å3, Z = 2, Dc = 1.519 g/cm3, F000 = 336, 
Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å, T = 100(2) K, 2θmax = 68.12º, 
17497 reflections collected, 2803 unique (Rint = 0.0216). Final GooF = 1.070, R1 = 
0.0170, wR2 = 0.0479, R indices based on 2803 reflections with I >2sigma(I) (refinement 






2.  3,3’-di-tert-butylbenzidinium chloride (23)  
Into a 20 mL scintillation vial was placed 37.66 mg (0.20 mmol) of CdCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 37.12 mg (0.10 mmol) 
of 3,3’-di-tert-butylbenzidine chloride in 2 mL of ethanol was added. The resulting 
solution was sonicated in a 20 mL scintillation vial for 5 mins before being allowed to 
slowly evaporate. Colorless block shaped crystals formed after several days. 
Crystal data for 3,3’-di-tert-butylbenzidinium chloride: C20H30Cl2N2, M = 369.35, 
colorless block, 0.42 x 0.33 x 0.02 mm3, monoclinic, space group C2/c 1 (No. 15), a = 
26.304(3), b = 9.6821(11), c = 8.3471(8) Å, β = 101.621(3) °, V = 2082.3(4) Å3, Z = 1, 
Dc = 0.384 g/cm3, F000 = 246, Bruker APEX-II CCD, MoKα radiation,λ = 0.71073 Å,  T 
= 100(2)K, 13778 reflections collected, 1553 unique (Rint = 0.0364). Final GooF = 1.053, 
R1 = 0.0291, wR2 = 0.0668, R indices based on 1553 reflections with I >2sigma(I) 
(refinement on F2), 113 parameters, 0 restraints. Lp and absorption corrections applied, μ 
= 0.328 mm-1.  
3.  4,4’-methylenebis(2,6-diethylanilinium) chloride (24)  
Into a 20 mL scintillation vial was placed 37.66 mg (0.20 mmol) of CdCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 31.05 mg (0.10 mmol) 
of 4,4’-methylenebis(2,6-diethylaniline) in 2 mL of ethanol was added. The resulting 
solution was sonicated in a 20 mL scintillation vial for 5 mins before being allowed to 





Crystal data for 4,4′-methnylenebis(2,6-diethylanilinium) chloride: C21H31Cl2N2, 
M = 383.39, colorless plates, 0.241 x 0.223 x 0.157 mm3, monoclinic, space group C2/c 
(No. 15), a = 25.9748(13), b = 8.2011(4), c = 9.6689(5) Å, β = 94.312(3) °, V = 
2053.86(18) Å3, Z = 4, Dc = 1.240 g/cm3, F000 = 824, Bruker APEX-II CCD, MoKα 
radiation, λ = 0.71073 Å, T = 100(2)K, 2θmax = 65.94º, 21785 reflections collected, 3870 
unique (Rint = 0.0441). Final GooF = 1.050, R1 = 0.0304, wR2 = 0.0778, R indices based 
on 3870 reflections with I >2sigma(I) (refinement on F2), 117 parameters, 0 restraints. Lp 
and absorption corrections applied, μ= 0.323 mm-1. 
4.  3,3’-dimethylbenzidinium chloride (25) 
Into a 20 mL scintillation vial was placed 39.58 mg (0.20 mmol) of MnCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 21.22 mg (0.10 mmol) 
of 3,3’-dimethylbenzidine in 2 mL of ethanol was added. The resulting solution was 
sonicated in a 20 mL scintillation vial for 5 mins before being allowed to slowly 
evaporate. Colorless rod shaped crystals formed after several days. 
Crystal data for 3,3’-dimethylbenzidinium chloride: C7H9ClN, M = 142.60, 
colorless rod, 0.205 x 0.127 x 0.122 mm3, orthorhombic, space group Pca21 (No. 29), a = 
7.753(8), b = 9.454(10), c = 20.034(18) Å, V = 1468(2) Å3, Z = 8, Dc = 1.290 g/cm3, F000 
= 600, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å, T = 100(2) K, 2θmax = 
51.46º, 15502 reflections collected, 2696 unique (Rint = 0.0835). Final GooF = 1.046, R1 
= 0.0421, wR2 = 0.0916, R indices based on 2696 reflections with I >2sigma(I) 
(refinement on F2), 167 parameters, 1 restraint. Lp and absorption corrections applied, μ 





5.  2,6-diethylanilinium chloride (26) 
Into a 20 mL scintillation vial was placed 18.83 mg (0.10 mmol) of CdCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 14.92 mg (0.10 mmol) 
of 2,6-diethylaniline in 2 mL of ethanol was added. The resulting solution was sonicated 
in a 20 mL scintillation vial for 5 mins before being allowed to slowly evaporate. 
Colorless rectangular crystals formed after several days. 
Crystal data for 2,6-diethylanlinium chloride: C10H16ClN, M = 185.69, colorless 
rectangular, 0.26 x 0.20 x 0.14 mm3, monoclinic, space group P21/c (No. 14), a = 
12.1101(3), b = 20.4980(5), c 8.6205(2) Å, β = 90.4840(10) º, V = 2139.81(9) Å3, Z = 8, 
Dc = 1.153 g/cm3, F000 = 800, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å, T 
= 296(2) K, 2θmax = 52.86º, 24979 reflections collected, 4391 unique (Rint = 0.0428). 
Final GooF = 1.024, R1 = 0.0398, wR2 = 0.0873, R indices based on 4391 reflections 
with I >2sigma(I) (refinement on F2), 223 parameters, 0 restraints. Lp and absorption 
corrections applied, μ = 0.308 mm-1.  
6.  3,3’-dimethoxybenzidinium chloride (27)  
Into a 20 mL scintillation vial was placed 39.58 mg (0.20 mmol) of MnCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 31.72 mg (0.10 mmol) 
of 3,3’-dimethoxybenzidine dihydrochloride in 2 mL of ethanol was added. The resulting 
solution was sonicated in a 20 mL scintillation vial for 5 mins before being allowed to 





Crystal data for 3,3’-dimethoxybenzidinium chloride: C14H18Cl2N2O2, M = 
370.13, colorless needle, 0.194 x 0.122 x 0.087 mm3, triclinic, space group P-1 (No. 2), a 
= 5.3701(6), b = 8.1415(9), c = 8.8899(10) Å, α = 84.086(6), β = 73.697(5), γ = 
88.480(6) °, V = 371.06(7) Å3, Z = 1, Dc = 1.656 g/cm3, F000 = 189, Bruker APEX-II 
CCD, MoKα radiation, λ = 0.71073 Å, T = 100(2)K, 2θmax = 64.04º, 8066 reflections 
collected, 2528 unique (Rint = 0.0292). Final GooF = 1.089, R1 = 0.0302, wR2 = 0.0748, 
R indices based on 2528 reflections with I >2sigma(I) (refinement on F2), 93 parameters, 
0 restraints. Lp and absorption corrections applied, μ = 1.253 mm-1. 
7.  2,4-di-tert-butylanilinium chloride (28)  
Into a 20 mL scintillation vial was placed 18.83 mg (0.10 mmol) of CdCl2 and 
0.40 mL HCl in 2 mL of ethanol. To this solution another solution 20.53 mg (0.10 mmol) 
of 2,4-di-tert-butylaniline in 2 mL of ethanol was added. The resulting solution was 
sonicated in a 20 mL scintillation vial for 5 mins before being allowed to slowly 
evaporate. Colorless needle crystals formed after several days. 
Crystal data for 2,4-di-tert-butylanilinium chloride: C14H24ClN, M = 241.79, 
colorless needle, 0.52 x 0.08 x 0.07 mm3, triclinic, space group P-1 (No. 2), a = 
9.9381(10), b = 10.4139(10), c = 15.9358(16) Å, α = 85.186(4), β = 72.605(4), γ = 
68.259(4) °, V = 1461.2(3) Å3, Z = 4, Dc = 1.099 g/cm3, F000 = 528, Bruker APEX-II 
CCD, MoKα radiation, λ = 0.71073 Å, T = 100(2) K, 2θmax = 54.46º, 19718 reflections 
collected, 6200 unique (Rint = 0.0494). Final GooF = 1.007, R1 = 0.0459, wR2 = 0.0939, 
R indices based on 6200 reflections with I >2sigma(I) (refinement on F2), 303 





8.  4,4’-methylenebis(2,6-diethylanilinium) bromide (29)  
Into a 20 mL scintillation vial was placed 68.84 mg (0.2 mmol) of CdBr2 and 0.40 
mL HBr in 2 mL of ethanol. To this solution another solution 31.05 mg (0.10 mmol) of 
4,4’-methylenebis(2,6-diethylaniline) in 2 mL of ethanol was added. The resulting 
solution was sonicated in a 20 mL scintillation vial for 5 mins before being allowed to 
slowly evaporate. Brown needle crystals formed after several days. 
Crystal data for 4,4’-methylenebis(2,6-diethylanilinium) bromide: C21H31Br2N2, 
M = 394.38, brown needle, 0.58 x 0.11 x 0.08 mm3, monoclinic, space group C2/c (No. 
15), a = 14.190(2), b = 17.786(3), c = 8.8838(13) Å, β = 106.257(9) °, V = 2152.5(5) Å3, 
Z = 4, Dc = 1.217 g/cm3, F000 = 828, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 
Å, T = 100(2) K, 2θmax = 67.32º, 23424 reflections collected, 4065 unique (Rint = 0.1534). 
Final GooF = 1.067, R1 = 0.0768, wR2 = 0.1888, R indices based on 4065 reflections 
with I >2sigma(I) (refinement on F2), 117 parameters, 0 restraints. Lp and absorption 
corrections applied, μ = 1.915 mm-1. 
9.  2,4,6-tribromoanilinium (30)  
Into a 20 mL scintillation vial was placed 34.42 mg (0.1 mmol) of CdBr2 and 0.40 
mL HBr in 2 mL of ethanol. To this solution another solution 32.98 mg (0.10 mmol) of 
2,4,6-tribromoaniline in 2 mL of ethanol was added. The resulting solution was sonicated 
in a 20 mL scintillation vial for 5 mins before being allowed to slowly evaporate. Brown 





Crystal data for 2,4,6-tribromoanilinium chloride: C6H5Br4N, M = 410.75, brown 
needle, 0.20 x 0.14 x 0.12 mm3, triclinic, space group P-1 (No. 2), a = 5.2577(3), b = 
7.9810(5), c = 11.7834(7) Å, α = 96.420(3) β = 95.446(4), γ = 103.296(3) °, V = 
474.45(5) Å3, Z = 2, Dc = 2.875 g/cm3, F000 = 376, Bruker APEX-II CCD, MoKα 
radiation, λ = 0.71073 Å, T = 100(2) K, 2θmax = 59.98º, 14009 reflections collected, 2713 
unique (Rint = 0.0252). Final GooF = 1.094, R1 = 0.0726, wR2 = 0.2340, R indices based 
on 2713 reflections with I >2sigma(I) (refinement on F2), 105 parameters, 1 restraint. Lp 
and absorption corrections applied, μ = 16.900 mm-1. 
5. 3 Results 
The reaction of 2-chloroaniline and CdCl2 afforded a new chloride salt, 22 (Figure 
5.3.1). 22 crystalizes in the Pca21 space group with one molecule of 2-chloroaniline in 
the asymmetric unit, as well as, one free Cl atom. These molecules are interconnected via 
NH···Cl hydrogen bonds (Table 1) to form linear chain networks, with the aryl portion 
external to the hydrophilic hydrogen bonding center. The aryl groups are interdigitated 
such that each molecule is perpendicular to the next along the b axis. Along the c axis the 







3,3’-di-tert-butylbenzidine also reacts with CdCl2 in the presence of HCl to give 
the organic salt product, 2. This compound packs in a monoclinic C2/c space group with 
one 3,3’-di-tert-butylbenzidine molecule and two Cl atoms in the asymmetric unit. The 
molecules interact in a similar fashion to those in 1, the major difference being that the 
NH···Cl hydrogen bonding interactions (Table 5.3.1) necessarily occur on both ends of 
the molecule. The diamine thus forms 2-D hydrogen bonded sheets (Figure 5.3.2). The 
aryl rings within each molecule are slightly twisted with respect to one another.  
Figure 5.3.1. Crystal structure of 2-chlroanilinium chloride (22) along the c axis, 





Figure 5.3.2. Crystal structure of 3,3’-di-tert-butylbenzidine 23 along the c axis, 




 The product of the reaction of 4,4’-methylenebis(2,6-diethylaniline) and 
HCl in the presence of CdCl2 forms compound 24 which packs in the monoclinic C2/c 
space group with one half of a molecule in the asymmetric unit. The two aryl rings are 
nearly perpendicular with respect to one another (C-C-C = 114.390°). The bulky t-butyl 
group prevents π···π stacking from occurring. The hydrogen-bonded 2-D like sheet is 
very similar to that of 23, (Figure 5.3.3). The NH···Cl hydrogen bonding interactions 
(Table 5.3.1) again occur on both ends of the molecule. 
 
Figure 5.3.3. Crystal structure of 24 along the b axis, displaying close packed two-




The reaction of 3,3’-dimethylbenzidine with aqueous hydrochloric acid in the 
presence of MnCl2 gave rise to another new compound, 25. In the solid state this complex 
packs in the orthorhombic Pca21 space group. Complex 25 forms one-dimensional chains 
mediated by hydrogen bonding interactions between the +NH···Cl- interactions (Table 
5.3.1) with the organic aryl groups perpendicular to these propagating connections. Each 
3,3’dimethylbenzidinium molecule is located perpendicularly to the next forming the box 
like 2-D network. Both ammonium groups participate in hydrogen bonding forming a 
cross-linked organic network (Figure 5.3.4). Similar to complex 23 the aryl rings are 
twisted with respect to one another.  
Figure 5.3.4. Crystal structure of 25 along the a axis, displaying close packed 




Compound 26, is a new complex obtained from 2,6-diethylaniline via the above 
described method. The molecules of 26 crystallize in the P21/c space group with two 2,6-
diethylaniline molecules and two Cl atoms in the asymmetric unit. The cations form one 
dimensional chains mediated by NH···Cl hydrogen bonding. The aryl groups are twisted 
away from each other allowing the chloride atoms to form the 1-D hydrogen bonded 
chain. The motif is similar to that of compound 22, with the major difference being that 
the ethyl groups prevent interdigitation along one axis. 
 
Figure 5.3.5. Crystal structure of 26 along the c axis, displaying close packed one-




The product of the reaction of 3,3’-dimethoxybenzidine and HCl in the presence 
of MnCl2 forms compound 27 which packs in the triclinic P-1 space group. The 
asymmetric unit contains one half of the 3,3’-dimethoxybenzidine molecule and one 
chloride atom. The methoxy group does not appear to have any interactions with the free 
chloride atoms. The NH···Cl interactions (Table 5.3.1) form a closely packed 2-D zig-
zaging layer (Figure 5.3.6). The aryl groups are coplanar within the molecule but are 
slightly twisted with respect to surrounding molecules.  
 
Figure 5.3.6. Crystal structure of 27 along the c axis, displaying close packed one 




2,4-di-tert-butylbenzidinium chloride (28) crystalizes in the triclinic P-1 space 
group. Two benzidinium molecules and two chlorine atoms can be found in the 
asymmetric unit. The molecule is bent such that both NH3 groups are pointing in similar 
directions. This allows the formation of NH···Cl hydrogen bonds which form 2-D 
hydrogen boded sheets (Figure 5.3.7). The aryl rings within the molecule are twisted with 
respect to each other.  
 
Figure 5.3.7. Crystal structure of 28 along the b axis, displaying close packed one-




4,4’-methylenebis(2,6-diethylaniline) was reacted with hydrobromic acid to form 
a compound similar to its chlorine counterpart (24). Like the chlorine derivative, this 
bromine form crystalizes in the monoclinic C2/c space group. Complex 29 forms one-
dimensional chains in the same fashion as compound 24, mediated by hydrogen bonding 
interactions between the +NH···Cl- interactions (Table 5.3.1) with the organic aryl groups 
perpendicular to these propagating connections. Each 4,4’-methylenebis(2,6-
diethylaniline) molecule is located perpendicularly to the next forming the box like 1-D 
chain. Both ammonium groups participate in hydrogen bonding forming a cross-linked 
organic network (Figure 5.3.8). 
Figure 5.3.8. Crystal structure of 29 along the c axis, displaying close packed one-




2,4,6-tribromoanilinium bromide (30) crystalizes in P-1 space group with one 
aniline molecule for every bromide in the asymmetric unit. The halogen bonding 
structure forms a 1-D chain. The chains are connected through box like +NH···Br- 
interactions (Table 5.3.1). Each aryl group is off set from the next preventing any π···π 
stacking from occurring. Br···Br interactions (Table 5.3.2) are present allowing a 
complex 2-D like network to form when considering all supramolecular interactions 
present. 
 
Figure 5.3.9. Crystal structure of 30 along the a axis, displaying close packed two-




Table 5.3.1 Hydrogen Bonding Parameters (Å,°) 
D-H···A D-H H···A D···A D-H···A Symmetry Operation 
Compound 22      
N1-H1A···Cl1 0.9098          2.230 3.180 172.62 1+x, y, 1+z 
N1-H1B···Cl1 0.9096 2.287 3.180 167.26 1+x, y, 1+z 
N1-H1C···Cl1 0.9097 2.262 3.168 174.44 1+x, y, 1+z 
      
Compound 23      
N1-H1A···Cl1 0.910 2.237 3.078 153.41 x, y, z 
N1-H1B···Cl1 0.910 2.188 3.047 157.13 -½ + x, ½ + y, z 
N1-H1C···Cl1 0.910 2.221 3.128 174.98 -x, 2-y, 1-z 
      
Compound 24      
N1-H1A···Cl1 0.910 2.274 3.143      159.56 x, y, z 
N1-H1B···Cl1 0.910          2.379 3.241 157.98 x, y, z 
N1-H1C···Cl1 0.910 2.183 3.091 174.66 x, y, z 
      
Compound 25      
N1-H1A···Cl1 0.910 2.237 3.118 162.73 -½-x, 1+y, -½+z 
N1-H1B···Cl1 0.910          2.244 3.136      166.79 -1-x, -2-y, -½+z 
N1-H1C···Cl2 0.910 2.306 3.153 154.65 x, y, z 
N2-H2A···Cl1 0.910 2.266 3.121 156.60 x, y, z 
N2-H2B···Cl2 0.910          2.253 3.158 172.88 -x, -2-y, ½+z 
N2-H2C···Cl2 0.910 2.41 3.100 157.12 -½-x, -1+y, ½+z 
      
Compound 26      
N1-H1A···Cl2 0.910 2.141        3.016 167.21 1-x, ½+y, 1½-z 
N1-H1B···Cl1 0.910          2.313 3.186 166.68 x, y, z 
N1-H1C···Cl1 0.910 2.425 3.208 147.00 x, ½-y, -½+z 
N2-H2A···Cl1 0.910 2.421 3.183 148.71 x, y, z 
N2-H2B···Cl1 0.910          2.261 3.125 163.55 x, ½-y, -½+z 
N2-H2C···Cl2 0.910 2.204 3.079 167.50 1-x, 1-y, 1-z 
      
Compound 27      
N1-H1A···Cl1 0.910 2.239 3.127    164.84         2-x, 1-y, -z 
N1-H1B···Cl1 0.910          2.294 3.200    173.65         -1+x, y, z 
N1-H1C ···Cl1 0.910 2.50 3.152    171.10       1-x ,1-y, -z 
      
Compound 28      
N1-H1A···Cl2 0.910 2.435        3.111 131.15 x, -1+y, z 
N1-H1B···Cl1 0.910          2.210 3.119 178.77 1-x, 1-y, 2-z 
N1-H1C···Cl2 0.910 2.205 3.112 175.38 -x, 1-y, 2-z 
N2-H2A···Cl1 0.910 2.283 3.191 175.65 x, -1+y, z 
N2-H2B···Cl2 0.910          2.390 3.313 138.60 1-x, 1-y, 2-z 
N2-H2C···Cl1 0.910 2.227 3.103 161.20 1-x, 1-y, 2-z 




N1-H1A···Br1 0.910 2.571 3.338    142.16 -x, y, ½-z 
N1-H1B···Br1 0.910          2.283 3.283 171.34 x, y, 1+ z 
N1-H1C ···Br1 0.910 2.377 3.258 163.04 x ,1-y, ½ +z 
      
Compound 30      
N1-H1A···Br1 0.910 2.427 3.291    158.65         -x, 2-y, 1-z 
N1-H1B···Br1 0.910          2.575 3.381    148.02         1-x,2-y, 1-z 
N1-H1C ···Br1 0.910 2.443 3.334    166.26       x ,y, z 
      
 
 
Table 5.3.2 Halogen Bonding Distances (Å) 
Halogen Interaction Br···Br Symmetry Operation 
   
Compound 30   
Br1···Br2 3.315 -1+x, -1+y, z 
Br2···Br4 3.313 1+x, y, z 
Br3···Br4 3.652 -x, 2-y, -z 
 
5. 4 Discussion 
Although the aim of our studies was directed at the construction of novel 
materials, it proved to be useful in accessing several previously unrecorded compounds. 
All compounds displayed N-H···X (X = Cl or Br) hydrogen bonding, this type of 
bonding is often encountered in the structure of these halide salts and play an important 
role in the creating infinite networks with geometries such as ribbons, chains, and layers.  
In addition, some of the molecules obtained display a variety of non-covalent interactions 
in the solid state. For instance, the two-dimensional network observed in compounds 23-
25, 27, and 28 derived via the cross-linking of the one-dimensional hydrogen bonded 
chains by the presence of chlorine molecules. The presence of these halogen molecules in 
the solid state is not unusual and in this instance, is indeed important in the construction 




crystallization, the product obtained was thus the least soluble under the reaction 
condition and as such precipitated.  
In addition to displaying NH···X hydrogen bonding, 30 also displayed Br···Br 
halogen interactions (Table 5.3.2). When these interactions are considered in addition to 
the hydrogen bonding interactions a complex 2-D network is presented. Bromine 
complexes (charged and neutral alike) are known to gives rise to a number of halogen 
bonding interactions.43-46  
All complexes obtained fall into one of four space groups, Pca21, C2/c, P21/c, or 
P-1. The complexes falling into the same space groups also tend to follow similar 
structural motifs. For example, all of the P-1 complexes (27, 28, and 30) display a 2-D 
hydrogen bonded network. In addition, both complexes with the space group C2/c display 
a 2-D hydrogen bonded network.  
5. 5 Conclusion 
In summary, we have described the synthetic routes to nine organic salts. 
Although these synthetic protocols, as reported, are not optimized, they provide a facile 
route to these molecules. Further, some of these molecules may be used in other 
processes, namely as substrates in cross-coupling reactions and supramolecular 
assemblies, among others. These interests represent an additional direction in our 
research. Broadly similar outcomes have been observed in other supramolecular synthetic 
processes such as in situ ligand synthesis often observed in the synthesis of coordination 




reactions not envisaged at the onset of the start of supramolecular synthesis may occur, 
and in some cases may give rise to very interesting products.  
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 In summary, a multitude of crystal structures were obtained during this doctoral 
work. Each structure is unique and new to the crystal structure database, and several new 
motifs were discovered. This project was not without its pitfalls or difficulties. In some 
cases, these pitfalls led to a new approach to synthesizing brominated compounds, while 
other cases were of less interest, but none the less contribute to the scientific community.  
The first question this dissertation answers is: Can we grow crystals and 
determine the crystal structures of ortho-substituted monoamines where the ortho group 
is H, Cl, CH3, CH2CH3, CH(CH3)2, C(CH3)3, C6H5? The answer is a resounding yes, as 
demonstrated in this dissertation, crystals were obtained for each of these ortho groups. 
This in turn allowed us to use single crystal x-ray crystallography to determine the crystal 
structures. 
Ten new metal halide structure have been described. The synthesis of these 
compounds was described in detail. These new compounds have created a better 
understanding of the relationship between the ortho-position and the metal halide motif. 
They have also provided the opportunity to understand the differences between the use of  
a monoaniline counterion and a dianiline counterion. We did find that varying the 
substituent in the ortho position causes a dramatic change to the overall structural motif 
observed. Each structural motif has a corresponding M:N:X ratio. As the size of the ortho 
substituent is changed, the dimensionality of the network also changes, from 2-D to 1-D 




show a more structurally flexible framework, compared to their “tethered” dianilinium 
counterparts.  
More specifically, it was demonstrated that an increase in the size of the group in 
the ortho position causes an increase in the cone angle. This also causes an increase in the 
ratio of hydrophobic content. When the cone angle and the amount of hydrophobic 
content increase, the M:X:N ratio increases. As the hydrophobic portions of the structure 
increase, the hydrophilic, metal halide portions of the structure begin to condense and 
become closely packed. These closely packed networks show an increase in the amount 
of face sharing halides and edge sharing halides.  
Forcing the metal ions closer together causes a distortion in the coordination 
geometry of the metal. These distortions can have an impact on the physical properties 
displayed by the compound. Specifically, they can alter the impedance, dielectric 
constants, and the electronic band structure of these complexes. 
The synthetic routes to seven organic molecules, which were obtained 
serendipitously, were also described. Although these synthetic protocols, as reported, are 
not optimized, they provide a facile route to these molecules, using considerably less 
harsh conditions than are usually employed. Further, some of these molecules may be 
used in other processes; namely as substrates in cross-coupling reactions and 
supramolecular assemblies, among others. These interests represent an additional 
direction in our research. Broadly similar outcomes have been observed in other 
supramolecular synthetic processes such as insitu ligand synthesis, often observed in the 




serve as a reminder that reactions not envisaged at the onset of the start of supramolecular 
synthesis may occur, and in some cases may give rise to very interesting products. 
Additionally, the synthetic routes to nine new organic salts were described in 
detail. Again, although these synthetic protocols, as reported, are not optimized, they do 
provide a facile route to these molecules. Further, these molecules may be used in other 
processes, namely as substrates in cross-coupling reactions and supramolecular 
assemblies, among others. 
It is clear that further studies are needed to fully understand the nature of the 
relationship between the ortho-position and metal halide layer formation. Additionally, 
more research into the similarities and difference of the metal halide motifs when the 
halide is varied needs to be done. This will allow for a better understanding of how the 
halide structures are related to one another. Further research will also help to clarify the 




Crystal Structure Data 
A1
I.1 Crystal Data for Chapter 2 Compounds
I.1.1 [CdCl6]2- • 2-chloroanilinium
Table I.1.1.1 Crystal data and structure refinement for ab53116. 
Identification code ab53116 
Empirical formula C6H7Cd0.5Cl3N 
Formula weight 255.68 
Temperature/K 101.66 
Crystal system orthorhombic 












Crystal size/mm3 0.4 × 0.2 × 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 5.12 to 68.32 
Index ranges -42 ≤ h ≤ 39, -13 ≤ k ≤ 13, -11 ≤ l ≤ 11
Reflections collected 23034 
Independent reflections 3580 [Rint = 0.0315, Rsigma = 0.0213] 
Data/restraints/parameters 3580/4/113 
Goodness-of-fit on F2 1.051 
Final R indexes [I>=2σ (I)] R1 = 0.0163, wR2 = 0.0353 
Final R indexes [all data] R1 = 0.0172, wR2 = 0.0357 
Largest diff. peak/hole / e Å-3 0.83/-0.44 
Flack parameter 0.00(3) 
A2
Table I.1.1.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab53116. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cd1 5000 1920.00(13) 5347.39(15) 12.24(3) 
Cl2 5000 3996.9(5) 2801.3(5) 13.69(8) 
Cl3 5000 -752.6(5) 3872.8(6) 15.21(8) 
Cl4 5851.85(11) 2644.6(4) 6021.3(4) 13.17(5) 
Cl1 6771.59(12) 5114.6(4) 3653.1(5) 20.34(7) 
N1 5814.4(4) 6318.3(14) 4906.6(14) 13.3(2) 
C1 6234.0(4) 7223.1(14) 5504.4(19) 11.8(2) 
C2 6698.6(5) 6787.5(15) 4966.2(16) 13.8(2) 
C3 7101.6(5) 7657.9(16) 5495(2) 19.4(3) 
C4 7034.1(6) 8963.7(19) 6603(2) 23.6(3) 
C5 6572.1(6) 9384.1(17) 7161(2) 22.7(3) 
C6 6169.1(5) 8518.3(17) 6608.3(18) 16.8(2) 
  
Table I.1.1.3 Anisotropic Displacement Parameters (Å2×103) for ab53116. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cd1 11.60(5) 11.36(5) 13.76(5) -1.83(5) 0 0 
Cl2 12.87(19) 16.30(18) 11.91(18) 1.25(14) 0 0 
Cl3 18.8(2) 12.47(17) 14.39(18) -3.22(14) 0 0 
Cl4 12.25(12) 13.52(12) 13.73(12) 0.21(10) -0.82(10) -0.31(10) 
Cl1 16.36(14) 21.87(15) 22.80(16) -7.62(12) 4.65(13) 0.82(12) 
N1 11.7(5) 13.3(5) 14.9(5) 0.6(4) 0.6(3) -1.1(4) 
C1 13.1(5) 11.5(4) 10.9(5) 2.3(5) -1.2(5) -0.4(3) 
C2 14.6(6) 13.2(5) 13.5(6) 0.1(4) 0.0(4) -0.2(4) 
C3 14.1(5) 18.8(5) 25.4(7) 4.0(6) -3.4(6) -2.6(4) 
C4 22.2(7) 17.6(6) 30.9(7) 0.6(5) -12.2(6) -4.5(6) 
C5 27.9(7) 15.2(6) 25.0(7) -4.6(5) -9.5(6) 1.6(5) 






Table I.1.1.4 Bond Lengths for ab53116. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cd1 Cl2 2.6277(4)   N1 C1 1.4548(16) 
Cd1 Cl31 2.9120(5)   C1 C2 1.3943(18) 
Cd1 Cl3 2.4979(5)   C1 C6 1.3881(19) 
Cd1 Cl42 2.4785(3)   C2 C3 1.3870(19) 
Cd1 Cl4 2.4785(3)   C3 C4 1.398(2) 
Cl3 Cd13 2.9120(5)   C4 C5 1.389(2) 
Cl1 C2 1.7362(13)   C5 C6 1.391(2) 
11-X,-Y,1/2+Z; 21-X,+Y,+Z; 31-X,-Y,-1/2+Z 
  
Table I.1.1.5 Bond Angles for ab53116. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
Cl2 Cd1 Cl31 158.439(14)   C2 C1 N1 119.93(11) 
Cl3 Cd1 Cl2 103.623(16)   C6 C1 N1 119.72(11) 
Cl3 Cd1 Cl31 97.939(8)   C6 C1 C2 120.35(12) 
Cl42 Cd1 Cl2 90.038(8)   C1 C2 Cl1 119.39(10) 
Cl4 Cd1 Cl2 90.038(8)   C3 C2 Cl1 119.92(11) 
Cl42 Cd1 Cl3 108.233(8)   C3 C2 C1 120.68(12) 
Cl4 Cd1 Cl31 83.166(8)   C2 C3 C4 118.73(13) 
Cl42 Cd1 Cl31 83.167(8)   C5 C4 C3 120.64(13) 
Cl4 Cd1 Cl3 108.233(8)   C4 C5 C6 120.30(14) 
Cl4 Cd1 Cl42 142.421(15)   C1 C6 C5 119.29(13) 
Cd1 Cl3 Cd13 136.811(19)           









Table I.1.1.6 Torsion Angles for ab53116. 
A B C D Angle/˚   A B C D Angle/˚ 
Cl2 Cd1 Cl3 Cd11 0.0   C1 C2 C3 C4 1.1(2) 
Cl32 Cd1 Cl3 Cd11 180.0   C2 C1 C6 C5 0.5(2) 
Cl4 Cd1 Cl3 Cd11 
-
94.620(10) 
  C2 C3 C4 C5 -0.2(2) 
Cl43 Cd1 Cl3 Cd11 94.620(10)   C3 C4 C5 C6 -0.7(3) 
Cl1 C2 C3 C4 
-
177.65(12) 
  C4 C5 C6 C1 0.5(2) 
N1 C1 C2 Cl1 -2.57(18)   C6 C1 C2 Cl1 177.48(11) 
N1 C1 C2 C3 178.64(13)   C6 C1 C2 C3 -1.3(2) 
N1 C1 C6 C5 
-
179.46(13) 
            
11-X,-Y,-1/2+Z; 21-X,-Y,1/2+Z; 31-X,+Y,+Z 
  
Table I.1.1.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab53116. 
Atom x y z U(eq) 
H1A 5548(6) 6550(20) 5510(30) 28(5) 
H1B 5762(7) 6540(20) 3800(18) 16(4) 
H1C 5846(7) 5251(16) 5010(30) 30(6) 
H3 7417 7372 5111 23 
H4 7307 9569 6979 28 
H5 6531 10267 7924 27 










I.1.2 [CdCl2] •2-Methylanilinium 
Table I.1.2.1 Crystal data and structure refinement for AB10913_2methylaniline. 
Identification code AB10913_2methylaniline 
Empirical formula C6H14CdCl2N 
Formula weight 283.48 
Temperature/K 100.0 
Crystal system triclinic 












Crystal size/mm3 0.9 × 0.2 × 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 1.84 to 68.26 
Index ranges -11 ≤ h ≤ 11, -17 ≤ k ≤ 19, -34 ≤ l ≤ 34 
Reflections collected 52499 
Independent reflections 15467 [Rint = 0.0356, Rsigma = 0.0380] 
Data/restraints/parameters 15467/0/320 
Goodness-of-fit on F2 1.035 
Final R indexes [I>=2σ (I)] R1 = 0.0777, wR2 = 0.2272 
Final R indexes [all data] R1 = 0.0951, wR2 = 0.2433 








Table I.1.2.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for AB10913_2methylaniline. Ueq is defined as 
1/3 of of the trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cd1 1656.7(6) 6116.5(5) 5617.0(2) 13.32(12) 
Cd2 8417.5(7) 9594.0(6) 9212.3(2) 19.07(14) 
Cd3 3399.2(6) 9622.9(5) 9185.4(2) 12.01(11) 
Cd4 6623.6(6) 6219.7(4) 5630.0(2) 10.04(11) 
Cd5 5007.6(6) 6991.7(4) 7600.6(2) 10.74(11) 
Cl7 -1108(2) 4600.8(14) 5587.8(7) 10.9(3) 
Cl8 3968(2) 4589.6(14) 5585.9(7) 10.7(3) 
Cl9 5959(2) 8724.8(14) 9794.2(7) 11.5(3) 
Cl10 4279(2) 7598.0(15) 5567.3(8) 14.0(3) 
Cl11 5913(2) 10574.1(16) 8731.4(8) 14.5(3) 
Cl12 812(2) 10525.4(17) 8710.1(8) 15.7(3) 
Cl13 1025(2) 8734.3(14) 9788.0(8) 12.2(3) 
Cl14 9355(2) 7560.9(15) 5607.7(8) 14.1(3) 
Cl15 2835(2) 7854.4(17) 8324.9(9) 18.5(4) 
Cl16 2193(2) 6667(2) 6782.1(9) 23.1(4) 
Cl1 7164(2) 6495.7(15) 6792.9(8) 12.6(3) 
Cl2 7841(3) 7711(2) 8412.5(9) 29.2(5) 
Cl4 4646(6) 5027(2) 7809.6(16) 52.3(10) 
Cl5 5743(8) 8916(6) 7440(3) 88.4(16) 
C0AA 7660(13) 12099(8) 7057(5) 24.2(17) 
C4AA 8144(18) 12703(12) 7705(6) 41(3) 
N11 6872(11) 13839(7) 6775(4) 23.3(15) 
C12 7016(12) 12628(8) 6608(4) 20.6(15) 
C2AA 6537(14) 12067(9) 6012(5) 27.6(18) 
C16 12414(13) 10369(10) 6464(6) 33(2) 
C3AA 7842(13) 10952(9) 6871(7) 35(3) 
C3BA 7384(14) 10379(9) 6283(7) 38(3) 
C7AA 12570(14) 11371(9) 6852(6) 32(2) 
N6 12640(10) 9353(6) 6674(3) 16.7(12) 
C14 13069(19) 11489(10) 7483(7) 44(3) 
C8AA 11919(15) 10206(11) 5807(6) 37(2) 
C1AA 6695(16) 10928(10) 5844(6) 39(3) 
C6AA 12187(16) 12302(11) 6576(8) 47(4) 
C0BA 11756(17) 12157(12) 5990(9) 50(4) 
C13 11583(16) 11112(13) 5578(7) 44(3) 
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Table I.1.2.3 Anisotropic Displacement Parameters (Å2×103) for 
AB10913_2methylaniline. The Anisotropic displacement factor exponent takes the 
form: -2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cd1 6.16(19) 16.8(2) 12.4(2) -5.79(17) 0.61(16) 0.76(16) 
Cd2 6.0(2) 41.3(4) 8.9(2) 4.0(2) 0.84(16) 2.4(2) 
Cd3 6.73(19) 19.1(2) 8.6(2) -0.45(17) 0.91(15) 2.20(16) 
Cd4 6.67(19) 11.8(2) 10.1(2) -0.91(16) 1.39(15) 0.86(15) 
Cd5 8.22(19) 11.6(2) 11.3(2) -0.02(16) 1.65(15) 1.56(15) 
Cl7 8.2(6) 13.2(7) 9.0(6) -1.9(5) 0.7(5) 1.4(5) 
Cl8 8.0(6) 13.0(7) 9.2(6) -0.6(5) 1.0(5) -0.7(5) 
Cl9 8.9(6) 14.9(7) 9.2(6) -0.4(5) 0.9(5) 2.8(5) 
Cl10 8.5(6) 13.4(7) 17.8(7) -1.3(6) 1.3(5) 2.4(5) 
Cl11 11.0(6) 19.2(8) 12.6(7) 2.9(6) 1.8(5) -0.1(6) 
Cl12 10.4(6) 24.9(9) 13.8(7) 6.7(6) 3.0(5) 5.6(6) 
Cl13 8.6(6) 14.7(7) 12.8(7) 1.4(5) 2.2(5) 2.4(5) 
Cl14 8.6(6) 12.6(7) 18.3(8) -1.6(6) 2.7(5) -1.2(5) 
Cl15 9.7(7) 24.8(9) 15.1(8) -8.1(6) 3.1(6) 0.6(6) 
Cl16 9.7(7) 39.6(11) 12.1(7) -9.0(7) -0.6(6) 1.0(7) 
Cl1 10.9(6) 15.4(7) 10.4(7) -0.4(5) 3.6(5) 1.6(5) 
Cl2 12.1(8) 58.5(15) 11.0(8) -4.8(8) -2.8(6) 10.8(8) 
Cl4 106(3) 15.8(10) 53.2(18) 15.4(11) 61(2) 18.3(13) 
Cl5 73(3) 98(4) 92(4) 24(3) 0(3) 11(3) 
C0AA 24(4) 23(4) 32(5) 17(4) 8(3) 8(3) 
C4AA 42(6) 46(7) 36(6) 21(5) -6(5) -1(5) 
N11 29(4) 21(3) 28(4) 14(3) 15(3) 12(3) 
C12 19(3) 22(4) 25(4) 9(3) 9(3) 9(3) 
C2AA 28(4) 30(5) 28(5) 8(4) 11(4) 9(4) 
C16 17(4) 38(5) 56(7) 35(5) 10(4) 5(4) 
C3AA 16(4) 25(5) 71(8) 25(5) 5(4) 3(3) 
C3BA 22(4) 21(4) 72(9) 6(5) 16(5) 4(3) 
C7AA 25(4) 28(5) 45(6) 10(4) 11(4) 3(4) 
N6 21(3) 16(3) 14(3) 5(2) 1(2) 5(2) 
C14 48(7) 28(5) 62(8) 11(5) 25(6) 8(5) 
C8AA 25(4) 40(6) 41(6) 5(5) 2(4) -6(4) 
C1AA 31(5) 34(6) 48(7) -5(5) 16(5) 4(4) 
C6AA 25(5) 32(6) 94(12) 29(7) 24(6) 7(4) 
C0BA 29(5) 36(6) 98(13) 37(7) 16(7) 7(5) 
C13 29(5) 56(8) 50(7) 28(6) -5(5) -5(5) 
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Table I.1.2.4 Bond Lengths for AB10913_2methylaniline. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cd1 Cl71 2.6715(17)   Cd5 Cl2 2.607(2) 
Cd1 Cl7 2.6539(17)   Cd5 Cl4 2.553(2) 
Cd1 Cl8 2.6576(17)   Cd5 Cl5 2.490(7) 
Cd1 Cl10 2.5967(19)   Cl7 Cd11 2.6715(17) 
Cd1 Cl142 2.5827(18)   Cl7 Cd42 2.7196(17) 
Cd1 Cl16 2.574(2)   Cl8 Cd45 2.7074(17) 
Cd2 Cl9 2.6856(18)   Cl9 Cd34 2.6939(17) 
Cd2 Cl11 2.5865(19)   Cl12 Cd22 2.5686(19) 
Cd2 Cl123 2.5686(19)   Cl13 Cd22 2.6561(17) 
Cd2 Cl134 2.6750(18)   Cl13 Cd24 2.6750(18) 
Cd2 Cl133 2.6561(18)   Cl14 Cd13 2.5827(18) 
Cd2 Cl2 2.575(3)   C0AA C4AA 1.489(17) 
Cd3 Cl94 2.6939(17)   C0AA C12 1.393(12) 
Cd3 Cl9 2.6964(17)   C0AA C3AA 1.398(14) 
Cd3 Cl11 2.5785(19)   N11 C12 1.465(12) 
Cd3 Cl12 2.5690(18)   C12 C2AA 1.373(14) 
Cd3 Cl13 2.6836(18)   C2AA C1AA 1.383(16) 
Cd3 Cl15 2.5511(19)   C16 C7AA 1.333(17) 
Cd4 Cl73 2.7196(17)   C16 N6 1.446(12) 
Cd4 Cl85 2.7074(17)   C16 C8AA 1.469(18) 
Cd4 Cl8 2.6799(17)   C3AA C3BA 1.36(2) 
Cd4 Cl10 2.5587(17)   C3BA C1AA 1.40(2) 
Cd4 Cl14 2.5343(18)   C7AA C14 1.42(2) 
Cd4 Cl1 2.5844(18)   C7AA C6AA 1.454(17) 
Cd5 Cl15 2.5902(18)   C8AA C13 1.357(19) 
Cd5 Cl16 2.5972(19)   C6AA C0BA 1.31(2) 
Cd5 Cl1 2.6101(17)   C0BA C13 1.40(2) 








Table I.1.2.5 Bond Angles for AB10913_2methylaniline. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
Cl7 Cd1 Cl71 84.93(6)   Cl1 Cd4 Cl85 166.49(6) 
Cl7 Cd1 Cl8 92.19(5)   Cl1 Cd4 Cl8 88.46(5) 
Cl8 Cd1 Cl71 85.17(5)   Cl15 Cd5 Cl16 83.85(6) 
Cl10 Cd1 Cl71 91.34(6)   Cl15 Cd5 Cl1 168.40(7) 
Cl10 Cd1 Cl7 175.99(6)   Cl15 Cd5 Cl2 93.15(6) 
Cl10 Cd1 Cl8 88.96(5)   Cl16 Cd5 Cl1 92.68(6) 
Cl142 Cd1 Cl71 92.85(6)   Cl16 Cd5 Cl2 169.28(9) 
Cl142 Cd1 Cl7 86.91(5)   Cl2 Cd5 Cl1 88.23(6) 
Cl142 Cd1 Cl8 177.89(6)   Cl4 Cd5 Cl15 96.08(8) 
Cl142 Cd1 Cl10 91.80(6)   Cl4 Cd5 Cl16 96.03(13) 
Cl16 Cd1 Cl71 176.10(7)   Cl4 Cd5 Cl1 95.29(7) 
Cl16 Cd1 Cl7 92.70(6)   Cl4 Cd5 Cl2 94.52(13) 
Cl16 Cd1 Cl8 91.83(6)   Cl5 Cd5 Cl15 87.35(17) 
Cl16 Cd1 Cl10 91.10(7)   Cl5 Cd5 Cl16 90.07(15) 
Cl16 Cd1 Cl142 90.12(7)   Cl5 Cd5 Cl1 81.57(17) 
Cl11 Cd2 Cl9 88.20(6)   Cl5 Cd5 Cl2 79.49(16) 
Cl11 Cd2 Cl133 90.87(6)   Cl5 Cd5 Cl4 173.28(18) 
Cl11 Cd2 Cl134 175.12(6)   Cd1 Cl7 Cd11 95.07(6) 
Cl124 Cd2 Cl9 176.61(6)   Cd1 Cl7 Cd42 90.28(5) 
Cl124 Cd2 Cl11 91.85(6)   Cd11 Cl7 Cd42 95.44(5) 
Cl124 Cd2 Cl133 93.17(6)   Cd1 Cl8 Cd45 96.05(5) 
Cl124 Cd2 Cl134 88.40(6)   Cd1 Cl8 Cd4 88.68(5) 
Cl124 Cd2 Cl2 96.13(7)   Cd4 Cl8 Cd45 97.85(5) 
Cl134 Cd2 Cl9 91.26(5)   Cd2 Cl9 Cd3 89.18(5) 
Cl133 Cd2 Cl9 83.44(5)   Cd2 Cl9 Cd33 96.45(6) 
Cl134 Cd2 Cl133 84.24(6)   Cd33 Cl9 Cd3 97.91(5) 
Cl2 Cd2 Cl9 87.23(7)   Cd4 Cl10 Cd1 92.71(6) 
Cl2 Cd2 Cl11 96.93(7)   Cd3 Cl11 Cd2 94.02(6) 
Cl2 Cd2 Cl133 167.64(8)   Cd22 Cl12 Cd3 94.06(6) 
Cl2 Cd2 Cl134 87.89(7)   Cd22 Cl13 Cd23 95.76(6) 
Cl93 Cd3 Cl9 82.09(6)   Cd22 Cl13 Cd3 89.50(6) 
Cl11 Cd3 Cl9 88.13(6)   Cd23 Cl13 Cd3 96.95(6) 
Cl11 Cd3 Cl93 91.06(6)   Cd4 Cl14 Cd14 96.21(6) 
Cl11 Cd3 Cl13 173.11(6)   Cd3 Cl15 Cd5 129.09(7) 
Cl12 Cd3 Cl93 93.59(6)   Cd1 Cl16 Cd5 134.75(8) 
Cl12 Cd3 Cl9 173.91(6)   Cd4 Cl1 Cd5 130.87(7) 
Cl12 Cd3 Cl11 96.27(6)   Cd2 Cl2 Cd5 127.04(9) 
Cl12 Cd3 Cl13 87.80(6)   C12 C0AA C4AA 122.8(9) 
Cl13 Cd3 Cl9 87.42(5)   C12 C0AA C3AA 116.5(10) 
Cl13 Cd3 Cl93 83.12(5)   C3AA C0AA C4AA 120.7(10) 
A10
Cl15 Cd3 Cl93 171.35(7)   C0AA C12 N11 118.7(9) 
Cl15 Cd3 Cl9 91.27(6)   C2AA C12 C0AA 122.9(9) 
Cl15 Cd3 Cl11 94.29(6)   C2AA C12 N11 118.4(8) 
Cl15 Cd3 Cl12 92.59(7)   C12 C2AA C1AA 119.3(10) 
Cl15 Cd3 Cl13 91.08(6)   C7AA C16 N6 121.1(11) 
Cl8 Cd4 Cl74 86.77(5)   C7AA C16 C8AA 123.3(10) 
Cl85 Cd4 Cl74 83.28(5)   N6 C16 C8AA 115.6(11) 
Cl8 Cd4 Cl85 82.15(6)   C3BA C3AA C0AA 121.8(11) 
Cl10 Cd4 Cl74 173.69(6)   C3AA C3BA C1AA 120.4(10) 
Cl10 Cd4 Cl85 91.31(6)   C16 C7AA C14 121.3(11) 
Cl10 Cd4 Cl8 89.28(6)   C16 C7AA C6AA 114.7(12) 
Cl10 Cd4 Cl1 98.29(6)   C14 C7AA C6AA 124.0(12) 
Cl14 Cd4 Cl74 86.49(5)   C13 C8AA C16 119.0(12) 
Cl14 Cd4 Cl8 172.64(6)   C2AA C1AA C3BA 119.1(12) 
Cl14 Cd4 Cl85 94.11(6)   C0BA C6AA C7AA 121.9(13) 
Cl14 Cd4 Cl10 97.17(6)   C6AA C0BA C13 124.0(12) 
Cl14 Cd4 Cl1 94.09(6)   C8AA C13 C0BA 117.0(13) 
Cl1 Cd4 Cl74 86.53(5)           













Table I.1.2.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for AB10913_2methylaniline. 
Atom x y z U(eq) 
H4AA 9210 13248 7750 61 
H4AB 8402 12159 7951 61 
H4AC 7138 13101 7841 61 
H11A 6548 14087 6435 28 
H11B 7954 14212 6967 28 
H11C 6026 13971 7026 28 
H2AA 6102 12458 5719 33 
H3AA 8297 10564 7162 42 
H3BA 7531 9601 6170 46 
H6A 12628 8764 6351 20 
H6B 11726 9211 6883 20 
H6C 13709 9445 6921 20 
H14A 12124 11091 7643 66 
H14B 13226 12290 7689 66 
H14C 14201 11169 7553 66 
H8AA 11836 9478 5546 44 
H1AA 6342 10522 5436 47 
H6AA 12251 13037 6828 56 
H0BA 11549 12801 5836 60 












I.1.3 [Cd6Cl15]3-• 2-Ethylanilinium 
Table I.1.3.1 Crystal data and structure refinement for ab54616_0m. 
Identification code ab54616_0m 
Empirical formula C24H42Cd6Cl15N3O3 
Formula weight 1626.76 
Temperature/K 99.88 
Crystal system triclinic 












Crystal size/mm3 0.4 × 0.2 × 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 1.94 to 56.9 
Index ranges -10 ≤ h ≤ 10, -19 ≤ k ≤ 19, -28 ≤ l ≤ 28 
Reflections collected 47056 
Independent reflections 11661 [Rint = 0.0704, Rsigma = 0.0656] 
Data/restraints/parameters 11661/0/473 
Goodness-of-fit on F2 1.026 
Final R indexes [I>=2σ (I)] R1 = 0.0453, wR2 = 0.1046 
Final R indexes [all data] R1 = 0.0710, wR2 = 0.1208 











Table I.1.3.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab54616_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cd4 1943.9(6) 8297.4(3) 2497.5(2) 13.25(11) 
Cd1 2497.7(6) 5021.1(3) 5003.41(19) 11.3(1) 
Cd2 4580.4(6) 6018.8(3) 3563.1(2) 12.34(10) 
Cd5 3774.1(6) 9099.1(3) 498.3(2) 12.41(10) 
Cd6 -1164.4(6) 9086.5(3) 581.3(2) 13.2(1) 
Cd3 -418.2(6) 6062.6(3) 3588.4(2) 12.61(10) 
Cl7 4668(2) 7507.5(10) 3005.0(7) 15.5(3) 
Cl4 2568.1(19) 6536.6(9) 4417.5(6) 11.6(3) 
Cl8 -407(2) 7691.7(10) 3197.2(7) 16.0(3) 
Cl9 2851(2) 9709.5(11) 3231.0(7) 19.8(3) 
Cl11 -680(2) 9040.3(11) 1794.8(7) 17.7(3) 
Cl1 2474.2(19) 3485.1(10) 5572.6(6) 11.8(3) 
Cl6 1589.8(19) 5422.8(10) 2836.0(7) 13.7(3) 
Cl2 4546.8(19) 4467.2(10) 4196.9(6) 11.3(3) 
Cl3 -428.4(19) 4452.4(10) 4199.5(6) 11.4(3) 
Cl13 942(2) 7949.7(10) 257.4(7) 16.0(3) 
Cl12 5993(2) 7969.5(10) 244.0(7) 15.4(3) 
N2 2806(8) 11019(4) 2142(3) 22.1(13) 
N3 3654(8) 6530(4) 985(3) 22.2(12) 
C18 2686(9) 5162(5) 261(3) 26.9(16) 
C11 1107(11) 13022(5) 2891(4) 33.3(19) 
C17 3213(9) 5534(5) 888(3) 20.2(14) 
C22 3330(10) 5030(5) 1412(3) 28.0(16) 
C13 -847(10) 12565(5) 1912(4) 33.4(18) 
C14 235(9) 11865(5) 1812(3) 21.7(14) 
C10 2231(10) 12347(5) 2812(3) 26.3(16) 
C9 1705(10) 11771(4) 2254(3) 21.4(14) 
C16 5573(11) 12765(5) 3057(4) 32.6(18) 
C12 -389(11) 13140(5) 2461(4) 36(2) 
C19 2231(9) 4228(5) 205(3) 23.2(15) 
C21 2849(11) 4095(5) 1357(4) 34.6(19) 
C15 3914(11) 12268(5) 3276(3) 32.4(19) 
C20 2279(12) 3704(6) 745(4) 41(2) 
N1 7216(8) 9534(4) 3362(3) 22.4(13) 
C2 7370(9) 9797(4) 4528(3) 19.3(14) 
C4 8619(10) 11273(5) 5027(3) 28.1(17) 
C6 8471(9) 11007(5) 3898(3) 22.3(15) 
C1 7717(9) 10137(4) 3956(3) 18.2(14) 
A14
C8 6223(10) 8551(5) 5214(3) 27.1(16) 
C3 7876(9) 10393(5) 5068(3) 24.6(16) 
C7 6486(9) 8845(4) 4545(3) 20.3(14) 
C5 8933(10) 11586(5) 4448(4) 28.6(17) 
Cl14 6600.4(19) 10371.7(10) 700.7(6) 12.9(3) 
Cl15 1614.5(19) 10373.8(10) 648.4(6) 12.4(3) 
Cl5 6707(2) 5398(1) 2836.9(7) 14.8(3) 
Cl10 4208(2) 8831.6(11) 1693.0(7) 16.8(3) 
C23 2636(10) 5732(5) -300(3) 26.3(16) 
C24 1944(12) 5186(6) -955(4) 39(2) 
O1 964(6) 6931(3) 1823(2) 22.7(10) 
O3 6648(7) 10673(4) 2296(2) 27.7(12) 






























Table I.1.3.3 Anisotropic Displacement Parameters (Å2×103) for ab54616_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cd4 12.8(2) 14.9(2) 12.3(2) 0.79(17) 2.52(16) 1.98(17) 
Cd1 9.1(2) 14.4(2) 11.1(2) 2.82(16) 2.44(16) 2.57(16) 
Cd2 9.5(2) 15.6(2) 12.8(2) 3.64(16) 2.89(16) 2.97(17) 
Cd5 10.4(2) 15.1(2) 12.4(2) 2.02(17) 2.93(16) 2.70(17) 
Cd6 10.9(2) 16.9(2) 12.7(2) 1.99(17) 2.70(16) 3.67(18) 
Cd3 9.5(2) 15.6(2) 13.7(2) 3.43(17) 3.44(16) 2.42(17) 
Cl7 12.8(7) 14.9(7) 18.8(7) 6.5(6) 0.8(6) 1.0(6) 
Cl4 10.5(7) 11.1(7) 13.3(6) 0.2(5) 1.8(5) 1.8(5) 
Cl8 14.8(7) 15.8(7) 19.3(7) 6.7(6) 5.7(6) 3.2(6) 
Cl9 25.1(9) 17.0(8) 16.0(7) -3.6(6) 1.4(6) 1.4(7) 
Cl11 15.3(7) 25.7(8) 13.6(7) 5.9(6) 2.4(6) 8.1(6) 
Cl1 9.9(7) 12.8(7) 13.1(6) 1.9(5) 2.0(5) 2.7(5) 
Cl6 11.8(7) 16.2(7) 13.6(6) 0.7(5) 3.3(5) 2.3(6) 
Cl2 9.2(6) 12.7(7) 12.0(6) -0.4(5) 2.0(5) 1.5(5) 
Cl3 10.6(7) 12.6(7) 11.2(6) -0.7(5) 2.8(5) 2.5(5) 
Cl13 11.8(7) 13.6(7) 22.2(7) -2.3(6) 2.4(6) 2.0(6) 
Cl12 13.1(7) 14.0(7) 19.8(7) -0.7(6) 5.4(6) 2.1(6) 
N2 29(3) 21(3) 17(3) -4(2) 5(2) 1(3) 
N3 23(3) 23(3) 22(3) 3(2) 6(2) 3(3) 
C18 18(4) 38(4) 27(4) -1(3) 6(3) 6(3) 
C11 43(5) 25(4) 37(4) -8(3) 26(4) -2(4) 
C17 14(3) 22(4) 25(3) -3(3) 8(3) -1(3) 
C22 26(4) 32(4) 26(4) 8(3) 1(3) -1(3) 
C13 24(4) 26(4) 50(5) -10(4) 11(4) 1(3) 
C14 21(4) 20(4) 24(3) -2(3) 5(3) 1(3) 
C10 36(4) 20(4) 24(3) -1(3) 15(3) -6(3) 
C9 27(4) 16(3) 24(3) 0(3) 14(3) -1(3) 
C16 33(4) 32(4) 31(4) -4(3) 3(3) 4(4) 
C12 32(5) 21(4) 58(5) -10(4) 28(4) 1(3) 
C19 25(4) 19(4) 25(3) -4(3) 2(3) 2(3) 
C21 44(5) 33(4) 30(4) 5(3) 17(4) 2(4) 
C15 57(6) 19(4) 18(3) -2(3) 0(3) -1(4) 
C20 47(5) 30(4) 45(5) -8(4) 13(4) -6(4) 
N1 28(3) 18(3) 19(3) -5(2) 0(2) 2(3) 
C2 12(3) 19(3) 25(3) -3(3) -2(3) 6(3) 
C4 24(4) 27(4) 30(4) -12(3) -7(3) 10(3) 
C6 22(4) 21(4) 23(3) -1(3) 2(3) 4(3) 
C1 18(3) 17(3) 18(3) -5(3) -6(3) 11(3) 
A16
C8 27(4) 37(4) 17(3) 2(3) 2(3) 7(3) 
C3 22(4) 29(4) 23(3) -6(3) -2(3) 17(3) 
C7 16(3) 22(4) 22(3) -5(3) 1(3) 9(3) 
C5 24(4) 20(4) 39(4) -8(3) 0(3) 2(3) 
Cl14 11.7(7) 16.2(7) 11.0(6) 1.0(5) 2.2(5) 2.5(6) 
Cl15 12.8(7) 12.9(7) 11.9(6) 0.2(5) 2.3(5) 3.3(6) 
Cl5 11.9(7) 19.7(8) 13.0(6) 1.4(6) 2.2(5) 2.5(6) 
Cl10 13.7(7) 24.5(8) 12.6(7) 4.6(6) 2.9(6) 1.3(6) 
C23 28(4) 29(4) 25(4) 7(3) 7(3) 15(3) 
C24 47(5) 45(5) 24(4) -3(4) 3(4) 8(4) 
O1 13(2) 27(3) 27(2) -2(2) 1.0(19) -1(2) 
O3 35(3) 32(3) 17(2) -3(2) 10(2) 2(2) 

















Table I.1.3.4 Bond Lengths for ab54616_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cd4 Cl7 2.5794(15)   Cl1 Cd21 2.6811(14) 
Cd4 Cl8 2.6051(16)   Cl1 Cd32 2.6327(14) 
Cd4 Cl9 2.5258(16)   Cl2 Cd11 2.6185(14) 
Cd4 Cl11 2.6505(16)   Cl3 Cd12 2.6074(14) 
Cd4 Cl10 2.6867(15)   Cl12 Cd66 2.5759(15) 
Cd4 O1 2.414(5)   N2 C9 1.482(9) 
Cd1 Cl4 2.6199(15)   N3 C17 1.481(8) 
Cd1 Cl1 2.6287(15)   C18 C17 1.402(9) 
Cd1 Cl2 2.6242(14)   C18 C19 1.391(10) 
Cd1 Cl21 2.6185(14)   C18 C23 1.490(10) 
Cd1 Cl3 2.6238(14)   C11 C10 1.391(11) 
Cd1 Cl32 2.6074(14)   C11 C12 1.371(12) 
Cd2 Cl7 2.5549(15)   C17 C22 1.365(10) 
Cd2 Cl4 2.6624(15)   C22 C21 1.396(11) 
Cd2 Cl11 2.6811(14)   C13 C14 1.406(10) 
Cd2 Cl6 2.5907(15)   C13 C12 1.390(11) 
Cd2 Cl2 2.7202(15)   C14 C9 1.362(10) 
Cd2 Cl5 2.5835(15)   C10 C9 1.409(9) 
Cd5 Cl13 2.5807(15)   C10 C15 1.502(11) 
Cd5 Cl12 2.5695(15)   C16 C15 1.538(11) 
Cd5 Cl14 2.6850(15)   C19 C20 1.411(11) 
Cd5 Cl143 2.6785(14)   C21 C20 1.386(11) 
Cd5 Cl15 2.6449(15)   N1 C1 1.489(8) 
Cd5 Cl10 2.5598(15)   C2 C1 1.385(9) 
Cd6 Cl11 2.5488(15)   C2 C3 1.396(9) 
Cd6 Cl13 2.5595(16)   C2 C7 1.510(9) 
Cd6 Cl124 2.5759(15)   C4 C3 1.385(10) 
Cd6 Cl144 2.6861(15)   C4 C5 1.378(11) 
Cd6 Cl15 2.6867(15)   C6 C1 1.381(9) 
Cd6 Cl155 2.7455(14)   C6 C5 1.396(9) 
Cd3 Cl4 2.6581(14)   C8 C7 1.540(9) 
Cd3 Cl8 2.5917(15)   Cl14 Cd53 2.6785(14) 
Cd3 Cl12 2.6327(15)   Cl14 Cd66 2.6861(15) 
Cd3 Cl6 2.5671(15)   Cl15 Cd65 2.7455(14) 
Cd3 Cl3 2.7711(15)   Cl5 Cd36 2.5765(15) 
Cd3 Cl54 2.5765(15)   C23 C24 1.566(10) 
11-X,1-Y,1-Z; 2-X,1-Y,1-Z; 31-X,2-Y,-Z; 4-1+X,+Y,+Z; 5-X,2-Y,-Z; 61+X,+Y,+Z 
  
A18
Table I.1.3.5 Bond Angles for ab54616_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
Cl7 Cd4 Cl8 99.10(5)   Cl4 Cd3 Cl3 83.81(4) 
Cl7 Cd4 Cl11 170.58(5)   Cl8 Cd3 Cl4 91.12(5) 
Cl7 Cd4 Cl10 82.55(5)   Cl8 Cd3 Cl12 89.17(5) 
Cl8 Cd4 Cl11 88.08(5)   Cl8 Cd3 Cl3 170.81(5) 
Cl8 Cd4 Cl10 175.14(5)   Cl12 Cd3 Cl4 92.03(4) 
Cl9 Cd4 Cl7 92.69(5)   Cl12 Cd3 Cl3 83.37(4) 
Cl9 Cd4 Cl8 91.84(5)   Cl6 Cd3 Cl4 87.34(5) 
Cl9 Cd4 Cl11 93.17(5)   Cl6 Cd3 Cl8 98.23(5) 
Cl9 Cd4 Cl10 92.65(5)   Cl6 Cd3 Cl12 172.59(5) 
Cl11 Cd4 Cl10 89.82(5)   Cl6 Cd3 Cl3 89.22(5) 
O1 Cd4 Cl7 88.13(12)   Cl6 Cd3 Cl54 91.47(5) 
O1 Cd4 Cl8 85.54(12)   Cl54 Cd3 Cl4 172.67(5) 
O1 Cd4 Cl9 177.36(12)   Cl54 Cd3 Cl8 96.21(5) 
O1 Cd4 Cl11 86.34(12)   Cl54 Cd3 Cl12 88.22(5) 
O1 Cd4 Cl10 89.95(12)   Cl54 Cd3 Cl3 88.94(5) 
Cl4 Cd1 Cl1 178.65(5)   Cd2 Cl7 Cd4 126.91(6) 
Cl4 Cd1 Cl2 85.96(5)   Cd1 Cl4 Cd2 96.13(5) 
Cl4 Cd1 Cl3 87.53(4)   Cd1 Cl4 Cd3 95.69(5) 
Cl21 Cd1 Cl4 93.99(5)   Cd3 Cl4 Cd2 90.80(4) 
Cl21 Cd1 Cl1 85.97(4)   Cd3 Cl8 Cd4 120.78(6) 
Cl2 Cd1 Cl1 92.69(5)   Cd6 Cl11 Cd4 126.04(6) 
Cl21 Cd1 Cl2 87.52(4)   Cd1 Cl1 Cd21 95.85(5) 
Cl21 Cd1 Cl3 178.04(5)   Cd1 Cl1 Cd32 96.36(5) 
Cl32 Cd1 Cl4 94.63(5)   Cd32 Cl1 Cd21 90.15(4) 
Cl3 Cd1 Cl1 92.48(5)   Cd3 Cl6 Cd2 94.53(5) 
Cl32 Cd1 Cl1 86.72(5)   Cd11 Cl2 Cd1 92.48(4) 
Cl32 Cd1 Cl21 93.12(4)   Cd1 Cl2 Cd2 94.65(5) 
Cl3 Cd1 Cl2 91.36(4)   Cd11 Cl2 Cd2 95.15(5) 
Cl32 Cd1 Cl2 179.09(5)   Cd12 Cl3 Cd1 92.02(4) 
Cl32 Cd1 Cl3 87.98(4)   Cd1 Cl3 Cd3 92.94(5) 
Cl7 Cd2 Cl4 95.76(5)   Cd12 Cl3 Cd3 93.55(5) 
Cl7 Cd2 Cl11 95.24(5)   Cd6 Cl13 Cd5 93.92(5) 
Cl7 Cd2 Cl6 90.77(5)   Cd5 Cl12 Cd66 95.22(5) 
Cl7 Cd2 Cl2 177.94(5)   C17 C18 C23 121.9(7) 
Cl7 Cd2 Cl5 90.10(5)   C19 C18 C17 115.0(7) 
Cl4 Cd2 Cl11 88.92(4)   C19 C18 C23 123.1(7) 
Cl4 Cd2 Cl2 83.24(4)   C12 C11 C10 123.5(7) 
Cl11 Cd2 Cl2 82.95(4)   C18 C17 N3 118.0(6) 
Cl6 Cd2 Cl4 86.76(4)   C22 C17 N3 118.5(6) 
Cl6 Cd2 Cl11 172.93(5)   C22 C17 C18 123.5(7) 
A19
Cl6 Cd2 Cl2 90.97(5)   C17 C22 C21 121.4(7) 
Cl5 Cd2 Cl4 173.16(5)   C12 C13 C14 119.0(8) 
Cl5 Cd2 Cl11 87.05(5)   C9 C14 C13 119.1(7) 
Cl5 Cd2 Cl6 96.69(5)   C11 C10 C9 114.9(7) 
Cl5 Cd2 Cl2 90.79(5)   C11 C10 C15 122.1(7) 
Cl13 Cd5 Cl14 176.19(5)   C9 C10 C15 123.1(7) 
Cl13 Cd5 Cl143 92.94(5)   C14 C9 N2 118.1(6) 
Cl13 Cd5 Cl15 87.78(5)   C14 C9 C10 123.7(7) 
Cl12 Cd5 Cl13 95.59(5)   C10 C9 N2 118.2(6) 
Cl12 Cd5 Cl14 86.96(5)   C11 C12 C13 119.8(7) 
Cl12 Cd5 Cl143 91.22(5)   C18 C19 C20 122.0(7) 
Cl12 Cd5 Cl15 173.14(5)   C20 C21 C22 116.8(7) 
Cl143 Cd5 Cl14 84.16(5)   C10 C15 C16 111.3(6) 
Cl15 Cd5 Cl143 82.62(5)   C21 C20 C19 121.2(7) 
Cl15 Cd5 Cl14 89.40(5)   C1 C2 C3 115.6(6) 
Cl10 Cd5 Cl13 92.66(5)   C1 C2 C7 120.8(6) 
Cl10 Cd5 Cl12 94.02(5)   C3 C2 C7 123.6(6) 
Cl10 Cd5 Cl14 89.98(5)   C5 C4 C3 120.9(7) 
Cl10 Cd5 Cl143 171.93(5)   C1 C6 C5 118.4(7) 
Cl10 Cd5 Cl15 91.79(5)   C2 C1 N1 118.2(6) 
Cl11 Cd6 Cl13 102.18(5)   C6 C1 N1 117.4(6) 
Cl11 Cd6 Cl124 102.29(5)   C6 C1 C2 124.3(6) 
Cl11 Cd6 Cl144 88.04(5)   C4 C3 C2 121.7(7) 
Cl11 Cd6 Cl15 90.87(5)   C2 C7 C8 115.2(6) 
Cl11 Cd6 Cl155 164.67(5)   C4 C5 C6 119.2(7) 
Cl13 Cd6 Cl124 93.30(5)   Cd53 Cl14 Cd5 95.84(4) 
Cl13 Cd6 Cl144 169.49(5)   Cd5 Cl14 Cd66 90.07(5) 
Cl13 Cd6 Cl155 88.88(5)   Cd53 Cl14 Cd66 98.70(5) 
Cl13 Cd6 Cl15 87.32(5)   Cd5 Cl15 Cd6 89.60(5) 
Cl124 Cd6 Cl144 86.80(5)   Cd5 Cl15 Cd65 98.04(5) 
Cl124 Cd6 Cl155 87.45(5)   Cd6 Cl15 Cd65 101.06(5) 
Cl124 Cd6 Cl15 166.36(5)   Cd36 Cl5 Cd2 93.63(5) 
Cl144 Cd6 Cl155 80.63(4)   Cd5 Cl10 Cd4 133.50(6) 
Cl144 Cd6 Cl15 90.12(5)   C18 C23 C24 113.6(6) 
Cl15 Cd6 Cl155 78.94(5)           




Table I.1.3.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab54616_0m. 
Atom x y z U(eq) 
H2A 2379 10728 1754 27 
H2B 2745 10620 2454 27 
H2C 3972 11246 2151 27 
H3A 3726 6769 602 27 
H3B 4730 6655 1247 27 
H3C 2779 6778 1167 27 
H11 1391 13423 3263 40 
H22 3747 5322 1823 34 
H13 -1877 12643 1610 40 
H14 -54 11463 1440 26 
H16A 5741 12493 2642 49 
H16B 6643 12713 3372 49 
H16C 5392 13407 3016 49 
H12 -1110 13614 2538 43 
H19 1878 3934 -209 28 
H21 2909 3744 1721 42 
H15A 4097 11619 3315 39 
H15B 3774 12528 3702 39 
H20 1914 3072 687 49 
H1C 7461 9845 3020 27 
H1D 6019 9344 3309 27 
H1E 7861 9045 3393 27 
H4 8917 11666 5403 34 
H6 8670 11207 3493 27 
H8A 5610 7935 5177 41 
H8B 5493 8968 5406 41 
H8C 7400 8561 5484 41 
H3 7705 10189 5475 29 
H7A 7226 8418 4357 24 
H7B 5294 8794 4270 24 
H5 9457 12188 4425 34 
H23A 3862 6025 -309 32 
H23B 1844 6217 -247 32 
H24A 1973 5596 -1304 58 
H24B 706 4918 -960 58 
H24C 2719 4703 -1012 58 
H1A 1311 6981 1431 34 
H1B -262 6813 1760 34 
H3D 7389 11113 2203 42 
A21
H3E 6443 10256 1984 42 
H2D 7171 6724 2123 33 
H2E 7425 7531 1799 33 
 
 
    
I.1.4. [CdCl4]2- • 2-isopropylanilinium 
Table I.1.4.1 Crystal data and structure refinement for ab2313_0m. 
Identification code ab2313_0m 
Empirical formula C1.12H1.75Cd0.12Cl0.25N0.12 
Formula weight 39.94 
Temperature/K 296.15 
Crystal system monoclinic 












Crystal size/mm3 0.25 × 0.13 × 0.11 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.48 to 52.82 
Index ranges -32 ≤ h ≤ 32, -9 ≤ k ≤ 9, -32 ≤ l ≤ 32 
Reflections collected 35054 
Independent reflections 4904 [Rint = 0.0560, Rsigma = 0.0374] 
Data/restraints/parameters 4904/0/243 
Goodness-of-fit on F2 1.117 
Final R indexes [I>=2σ (I)] R1 = 0.0884, wR2 = 0.2643 
Final R indexes [all data] R1 = 0.1085, wR2 = 0.2748 





Table I.1.4.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab2313_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cd1 4266.3(4) 2794.1(12) 4580.0(4) 59.6(3) 
Cl2 3571.8(12) 5138(4) 4139.7(12) 53.4(7) 
Cl3 3603.6(14) 360(4) 4453.6(15) 64.7(8) 
Cl4 4737.7(15) 1623(5) 4039(2) 81.9(12) 
Cl5 4797.4(16) 3714(5) 5580.7(15) 87.5(13) 
N1 3969(4) 7238(13) 5334(4) 57(2) 
C1 3549(4) 7162(15) 5561(5) 45(2) 
N2 4006(4) 8124(13) 3641(4) 56(2) 
C3 3542(5) 8431(16) 5928(5) 53(3) 
C4 3570(5) 8091(14) 3030(4) 46(2) 
C5 3560(4) 6758(14) 2682(4) 44(2) 
C6 3177(5) 9391(17) 2847(5) 61(3) 
C7 3125(6) 6820(18) 2106(5) 61(3) 
C8 3172(5) 5784(17) 5388(6) 63(3) 
C9 2728(5) 8110(20) 1917(6) 68(4) 
C10 3961(6) 9906(18) 6132(6) 67(3) 
C11 3993(5) 5316(16) 2882(5) 57(3) 
C12 3119(6) 8250(20) 6115(6) 68(4) 
C13 2747(6) 6940(20) 5943(6) 73(4) 
C14 2762(6) 5690(20) 5578(6) 71(4) 
C15 2753(6) 9390(20) 2283(6) 72(4) 
C16 3664(9) 11600(20) 5992(10) 109(6) 
C17 4375(9) 9720(30) 6771(7) 130(8) 
C19 3721(9) 3590(20) 2646(9) 128(8) 
C18 4440(30) 5570(110) 2690(50) 140(30) 







Table I.1.4.3 Anisotropic Displacement Parameters (Å2×103) for ab2313_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cd1 50.4(5) 55.6(6) 60.3(6) -18.1(4) 14.7(4) 6.5(4) 
Cl2 46.2(14) 47.1(15) 56.3(15) -5.0(12) 14.3(12) 0.5(12) 
Cl3 68.7(19) 58.1(18) 73(2) -4.5(15) 37.4(16) -3.9(15) 
Cl4 65(2) 71(2) 126(3) -43(2) 58(2) -20.2(17) 
Cl5 79(2) 73(2) 61(2) -17.1(17) -10.2(17) 20.2(19) 
N1 66(6) 57(6) 57(6) -11(5) 36(5) -3(5) 
C1 43(5) 52(6) 44(5) 10(5) 22(5) 9(5) 
N2 53(5) 52(6) 48(5) -6(4) 10(4) -3(5) 
C3 52(6) 60(7) 46(6) 2(5) 22(5) 6(5) 
C4 48(6) 47(6) 39(5) 6(4) 16(5) -3(5) 
C5 44(5) 48(6) 42(5) 3(5) 19(5) -2(5) 
C6 68(8) 55(7) 59(7) 5(6) 27(6) 5(6) 
C7 66(8) 73(8) 42(6) -9(6) 24(6) -4(7) 
C8 61(7) 59(8) 68(8) 4(6) 28(6) 1(6) 
C9 48(7) 96(11) 47(7) 17(7) 9(5) 5(7) 
C10 75(9) 65(8) 68(8) -18(7) 39(7) -6(7) 
C11 63(7) 56(7) 51(6) -3(5) 26(6) 13(6) 
C12 68(8) 82(10) 63(8) 5(7) 37(7) 13(7) 
C13 55(7) 98(12) 77(9) 21(9) 39(7) 7(8) 
C14 55(7) 76(9) 79(9) 12(8) 27(7) -7(7) 
C15 57(8) 77(9) 73(9) 19(8) 22(7) 14(7) 
C16 146(18) 71(11) 148(18) -6(11) 101(16) 4(11) 
C17 137(18) 133(18) 78(12) -16(12) 11(11) -52(15) 
C19 139(18) 73(12) 118(16) -19(11) 14(13) 20(12) 
C18 110(40) 130(40) 220(60) 70(40) 120(40) 50(30) 








Table I.1.4.4 Bond Lengths for ab2313_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cd1 Cl2 2.474(3)   C5 C11 1.519(15) 
Cd1 Cl3 2.506(3)   C6 C15 1.381(18) 
Cd1 Cl4 2.446(4)   C7 C9 1.372(19) 
Cd1 Cl5 2.437(3)   C8 C14 1.383(18) 
N1 C1 1.476(14)   C9 C15 1.37(2) 
C1 C3 1.386(16)   C10 C16 1.50(2) 
C1 C8 1.396(17)   C10 C17 1.52(2) 
N2 C4 1.477(13)   C11 C19 1.52(2) 
C3 C10 1.517(18)   C11 C18 1.49(6) 
C3 C12 1.417(17)   C11 C18A 1.68(19) 
C4 C5 1.376(15)   C12 C13 1.35(2) 
C4 C6 1.374(16)   C13 C14 1.37(2) 
C5 C7 1.412(15)         
  
Table I.1.4.5 Bond Angles for ab2313_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
Cl2 Cd1 Cl3 100.43(11)   C4 C6 C15 119.0(13) 
Cl4 Cd1 Cl2 118.38(14)   C9 C7 C5 121.4(12) 
Cl4 Cd1 Cl3 98.45(11)   C14 C8 C1 118.9(13) 
Cl5 Cd1 Cl2 102.52(11)   C15 C9 C7 120.5(12) 
Cl5 Cd1 Cl3 112.96(15)   C3 C10 C17 110.5(13) 
Cl5 Cd1 Cl4 122.24(14)   C16 C10 C3 111.9(13) 
C3 C1 N1 119.8(10)   C16 C10 C17 112.7(15) 
C3 C1 C8 123.1(11)   C5 C11 C19 112.4(12) 
C8 C1 N1 117.1(10)   C5 C11 C18A 102(7) 
C1 C3 C10 123.4(11)   C19 C11 C18A 130(7) 
C1 C3 C12 115.3(12)   C18 C11 C5 112(2) 
C12 C3 C10 121.2(12)   C18 C11 C19 107(5) 
C5 C4 N2 119.7(10)   C18 C11 C18A 24(6) 
C6 C4 N2 116.8(10)   C13 C12 C3 122.0(14) 
C6 C4 C5 123.5(10)   C12 C13 C14 121.7(13) 
C4 C5 C7 115.8(10)   C13 C14 C8 119.1(14) 
C4 C5 C11 123.7(10)   C9 C15 C6 119.8(13) 
C7 C5 C11 120.4(10)           
  
A25
Table I.1.4.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab2313_0m. 
Atom x y z U(eq) 
H1A 3902 6393 5083 68 
H1B 4319 7133 5624 68 
H1C 3938 8234 5158 68 
H2A 4351 8029 3663 68 
H2B 3947 7260 3829 68 
H2C 3982 9105 3801 68 
H6 3197 10256 3100 74 
H7 3108 5972 1849 73 
H8 3196 4942 5148 76 
H9 2440 8101 1538 82 
H10 4187 9840 5920 80 
H11 4176 5269 3304 68 
H11A 4104 5227 3295 68 
H12 3096 9062 6364 82 
H13 2474 6870 6074 88 
H14 2500 4800 5462 86 
H15 2485 10269 2152 86 
H16A 3437 11701 5581 163 
H16B 3942 12498 6129 163 
H16C 3422 11684 6175 163 
H17A 4174 9873 6994 195 
H17B 4671 10557 6879 195 
H17C 4541 8597 6841 195 
H19A 3430 3363 2761 191 
H19B 4007 2714 2796 191 
H19C 3554 3600 2232 191 
H18A 4267 5859 2292 203 
H18B 4658 4536 2756 203 
H18C 4692 6476 2915 203 
H18D 4485 6470 2482 166 
H18E 4888 5503 3051 166 





Table I.1.4.7 Atomic Occupancy for ab2313_0m. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 
H11 0.73(19)   H11A 0.27(19)   C18 0.73(19) 
H18A 0.73(19)   H18B 0.73(19)   H18C 0.73(19) 
C18A 0.27(19)   H18D 0.27(19)   H18E 0.27(19) 
H18F 0.27(19)       
 
I.1.5. [Cd5Cl12]2-• 2-tert-butylaniline 
Table I.1.5.1 Crystal data and structure refinement for ab2213_0m. 
Identification code ab2213_0m 
Empirical formula C20H32Cd5Cl12N2 
Formula weight 429.29 
Temperature/K 296.15 
Crystal system monoclinic 












Crystal size/mm3 0.154 × 0.092 × 0.037 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.34 to 54.42 
Index ranges -17 ≤ h ≤ 17, -15 ≤ k ≤ 14, -30 ≤ l ≤ 30 
Reflections collected 71675 
Independent reflections 8454 [Rint = 0.1195, Rsigma = 0.0663] 
Data/restraints/parameters 8454/12/371 
Goodness-of-fit on F2 1.014 
Final R indexes [I>=2σ (I)] R1 = 0.1176, wR2 = 0.2775 
Final R indexes [all data] R1 = 0.2138, wR2 = 0.3660 




 Table I.1.5.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab2213_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cd1 6232.5(7) 1352.9(9) 2485.1(5) 25.0(3) 
Cd2 8769.4(8) 3008.5(9) 2491.5(5) 28.4(3) 
Cd3 6260.2(8) 4712.1(9) 2486.7(5) 27.7(3) 
Cd4 1266.4(8) 4677.0(9) 2521.3(5) 27.7(3) 
Cd5 3748.6(8) 3054.7(9) 2475.8(5) 27.6(3) 
Cl6 7959(3) 1371(3) 3108.3(15) 25.3(8) 
Cl7 460(3) 6347(3) 3124.9(14) 24.7(8) 
Cl8 7990(3) 4691(3) 3083.8(16) 26.2(9) 
Cl9 7040(3) 3012(3) 1910.1(15) 25.4(8) 
Cl10 -534(3) 4724(3) 1902.0(15) 24.2(8) 
Cl12 5527(3) 3030(3) 3075.9(15) 24.5(8) 
Cl15 1785(3) 6366(3) 1926.3(19) 41.5(11) 
Cl16 2901(3) 4435(4) 3161.6(18) 40.6(11) 
Cl19 401(3) 3159(4) 3085(2) 45.2(12) 
Cl17 2130(3) 3306(4) 1837.1(17) 36.2(10) 
Cl24 4665(3) 4484(4) 1857.0(19) 41.2(11) 
N1 3930(9) 6391(10) 3902(5) 32(3) 
C3 3641(11) 6426(13) 4479(6) 33(4) 
C4 4217(13) 6833(15) 4914(7) 39(4) 
C2 5282(15) 7356(17) 4862(8) 58(6) 
C18 2897(17) 6415(16) 5523(9) 65(6) 
C 1377(13) 1359(14) 4922(7) 39(4) 
C1 1731(11) 865(14) 4440(7) 36(4) 
C5 2652(13) 6071(17) 4556(8) 52(5) 
C6 2332(15) -62(16) 4469(8) 56(5) 
C7 1724(15) 910(20) 5421(9) 67(6) 
C8 3872(18) 6780(20) 5448(8) 76(7) 
C9 2670(18) -530(20) 4979(11) 79(7) 
C10 2328(15) 6070(20) 5073(9) 66(6) 
C11 5222(15) 8324(18) 4425(10) 74(7) 
C12 629(16) 2340(20) 4899(9) 69(6) 
C13 2358(18) -50(20) 5457(9) 75(7) 
C14 5972(14) 6382(18) 4691(11) 80(8) 
C15 -310(14) 2000(30) 4537(12) 117(11) 
N2 1475(9) 1287(10) 3878(5) 36(3) 
Cl26 5661(3) 6325(3) 3100(2) 43.9(12) 
C20 5690(20) 7800(30) 5420(11) 131(13) 
C19 1080(20) 3455(19) 4649(12) 104(10) 
A28
C21 220(50) 2320(90) 5570(30) 130(30) 
C21A 450(60) 2980(100) 5400(20) 100(30) 
  
Table I.1.5.3 Anisotropic Displacement Parameters (Å2×103) for ab2213_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cd1 19.2(6) 17.8(6) 38.4(7) 0.6(5) 4.4(4) -0.1(5) 
Cd2 20.8(6) 20.8(7) 43.8(8) 0.9(6) 3.1(5) -1.5(5) 
Cd3 22.1(6) 19.9(7) 41.2(7) -1.0(5) 4.0(5) -2.4(5) 
Cd4 21.5(6) 22.0(6) 39.8(7) 2.1(5) 3.7(5) 1.5(5) 
Cd5 22.0(6) 22.9(7) 38.0(7) 0.4(6) 3.0(5) 0.4(5) 
Cl6 26.5(18) 20.8(19) 28.7(18) 0.2(16) 3.3(14) 0.1(16) 
Cl7 24.5(18) 27(2) 23.0(17) -0.8(16) 2.7(14) -0.3(16) 
Cl8 23.7(18) 25(2) 30(2) 0.4(16) 4.0(15) -4.1(16) 
Cl9 25.2(19) 24(2) 27.7(19) 1.5(16) 4.3(15) -0.3(15) 
Cl10 27(2) 17.1(19) 29(2) -1.1(14) 4.9(16) -0.3(15) 
Cl12 24.3(19) 27(2) 21.9(18) -0.8(15) 2.9(14) -1.8(15) 
Cl15 47(3) 27(2) 54(3) -1(2) 30(2) 1.7(19) 
Cl16 30(2) 40(3) 50(3) -22(2) -11.0(19) 8.6(19) 
Cl19 32(2) 44(3) 58(3) 25(2) -11(2) -10(2) 
Cl17 25(2) 45(3) 38(2) -12.4(19) -5.1(17) 5.2(18) 
Cl24 31(2) 39(2) 52(3) 17(2) -11.0(19) -5.6(19) 
N1 37(7) 36(8) 23(6) 0(6) -6(5) 11(6) 
C3 32(9) 32(9) 34(8) 1(7) 3(7) 0(7) 
C4 50(11) 38(10) 30(9) -4(8) 4(8) 2(9) 
C2 63(13) 53(13) 56(12) 23(10) -7(10) -21(11) 
C18 83(16) 52(13) 64(14) 0(11) 35(13) -31(12) 
C 46(10) 42(10) 29(9) -9(8) 8(7) 3(9) 
C1 32(9) 24(8) 52(11) 1(8) 6(8) -11(7) 
C5 32(9) 64(13) 60(12) -22(10) -6(9) -15(9) 
C6 89(15) 30(10) 50(12) -14(9) 11(11) 8(11) 
C7 61(14) 95(18) 47(13) -1(12) 3(10) -11(14) 
C8 91(18) 103(19) 31(11) 8(12) -15(11) 0(15) 
C9 86(18) 50(15) 100(20) 16(14) -6(16) 7(13) 
C10 45(12) 86(17) 71(15) -16(13) 37(11) -21(11) 
C11 53(13) 76(16) 90(17) 18(13) -6(12) -27(12) 
C12 69(15) 82(17) 55(13) -17(12) -1(11) 33(13) 
C13 101(19) 75(17) 48(14) 30(13) -9(13) 2(15) 
C14 32(11) 86(19) 120(20) 25(15) -11(12) 1(12) 
A29
C15 20(11) 160(30) 170(30) -30(20) 9(14) 38(15) 
N2 37(8) 37(8) 35(7) 3(6) 7(6) -11(6) 
Cl26 52(3) 27(2) 57(3) -3(2) 34(2) -3(2) 
C20 110(20) 180(30) 100(20) -30(20) -18(18) -80(20) 
C19 120(20) 52(16) 130(20) -37(16) -42(19) 15(15) 
C21 150(60) 160(60) 80(40) 40(40) 90(40) 100(50) 
C21A 150(50) 150(70) 10(30) 10(30) 10(30) 10(50) 
  
Table I.1.5.4 Bond Lengths for ab2213_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cd1 Cl6 2.690(4)   Cl7 Cd15 2.636(4) 
Cd1 Cl71 2.636(4)   Cl7 Cd55 2.729(4) 
Cd1 Cl82 2.639(4)   Cl8 Cd14 2.639(4) 
Cd1 Cl9 2.662(4)   Cl10 Cd15 2.625(4) 
Cd1 Cl101 2.625(4)   Cl10 Cd26 2.667(4) 
Cd1 Cl12 2.640(4)   Cl15 Cd55 2.575(4) 
Cd2 Cl6 2.702(4)   Cl19 Cd26 2.554(4) 
Cd2 Cl8 2.689(4)   N1 C3 1.459(18) 
Cd2 Cl9 2.646(4)   C3 C4 1.34(2) 
Cd2 Cl103 2.667(4)   C3 C5 1.43(2) 
Cd2 Cl193 2.554(4)   C4 C2 1.59(2) 
Cd2 Cl262 2.577(4)   C4 C8 1.39(2) 
Cd3 Cl64 2.673(4)   C2 C11 1.54(3) 
Cd3 Cl8 2.664(4)   C2 C14 1.55(3) 
Cd3 Cl9 2.684(4)   C2 C20 1.49(3) 
Cd3 Cl12 2.658(4)   C18 C8 1.42(3) 
Cd3 Cl24 2.565(4)   C18 C10 1.34(3) 
Cd3 Cl26 2.559(4)   C C1 1.40(2) 
Cd4 Cl7 2.709(4)   C C7 1.36(3) 
Cd4 Cl10 2.771(4)   C C12 1.53(2) 
Cd4 Cl15 2.565(4)   C1 C6 1.36(2) 
Cd4 Cl16 2.623(4)   C1 N2 1.447(19) 
Cd4 Cl19 2.566(4)   C5 C10 1.34(2) 
Cd4 Cl17 2.628(4)   C6 C9 1.39(3) 
Cd5 Cl71 2.729(4)   C7 C13 1.41(3) 
Cd5 Cl12 2.723(4)   C9 C13 1.37(3) 
Cd5 Cl151 2.575(4)   C12 C15 1.54(3) 
Cd5 Cl16 2.625(4)   C12 C19 1.58(3) 
Cd5 Cl17 2.604(4)   C12 C21 1.73(7) 
Cd5 Cl24 2.608(4)   C12 C21A 1.46(5) 
A30
Cl6 Cd32 2.673(4)   Cl26 Cd24 2.577(4) 
11/2-X,-1/2+Y,1/2-Z; 23/2-X,-1/2+Y,1/2-Z; 31+X,+Y,+Z; 43/2-X,1/2+Y,1/2-Z; 51/2-X,1/2+Y,1/2-Z; 6-1+X,+Y,+Z 
  
Table I.1.5.5 Bond Angles for ab2213_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
Cl71 Cd1 Cl6 179.70(12)   Cl17 Cd5 Cl71 97.24(12) 
Cl71 Cd1 Cl82 94.70(12)   Cl17 Cd5 Cl12 172.71(14) 
Cl71 Cd1 Cl9 95.46(12)   Cl17 Cd5 Cl16 84.43(13) 
Cl71 Cd1 Cl12 87.63(12)   Cl17 Cd5 Cl24 90.91(14) 
Cl82 Cd1 Cl6 85.55(11)   Cl24 Cd5 Cl71 87.28(13) 
Cl82 Cd1 Cl9 94.57(12)   Cl24 Cd5 Cl12 81.98(12) 
Cl82 Cd1 Cl12 177.63(11)   Cl24 Cd5 Cl16 101.83(16) 
Cl9 Cd1 Cl6 84.35(12)   Cd1 Cl6 Cd2 94.61(12) 
Cl101 Cd1 Cl6 92.06(12)   Cd32 Cl6 Cd1 93.82(12) 
Cl101 Cd1 Cl71 88.13(12)   Cd32 Cl6 Cd2 92.02(12) 
Cl101 Cd1 Cl82 85.58(12)   Cd15 Cl7 Cd4 94.64(12) 
Cl101 Cd1 Cl9 176.38(11)   Cd15 Cl7 Cd55 94.09(12) 
Cl101 Cd1 Cl12 94.89(12)   Cd4 Cl7 Cd55 93.55(11) 
Cl12 Cd1 Cl6 92.11(11)   Cd14 Cl8 Cd2 94.83(12) 
Cl12 Cd1 Cl9 84.81(12)   Cd14 Cl8 Cd3 95.20(12) 
Cl8 Cd2 Cl6 92.52(11)   Cd3 Cl8 Cd2 95.38(12) 
Cl9 Cd2 Cl6 84.42(11)   Cd1 Cl9 Cd3 94.96(12) 
Cl9 Cd2 Cl8 84.47(12)   Cd2 Cl9 Cd1 96.57(12) 
Cl9 Cd2 Cl103 93.45(12)   Cd2 Cl9 Cd3 95.91(12) 
Cl103 Cd2 Cl6 175.90(11)   Cd15 Cl10 Cd26 95.69(12) 
Cl103 Cd2 Cl8 83.79(11)   Cd15 Cl10 Cd4 93.45(12) 
Cl193 Cd2 Cl6 96.97(13)   Cd26 Cl10 Cd4 92.24(12) 
Cl193 Cd2 Cl8 91.12(15)   Cd1 Cl12 Cd3 96.11(12) 
Cl193 Cd2 Cl9 175.44(14)   Cd1 Cl12 Cd5 94.13(12) 
Cl193 Cd2 Cl103 84.89(13)   Cd3 Cl12 Cd5 93.92(12) 
Cl193 Cd2 Cl262 94.09(17)   Cd4 Cl15 Cd55 100.85(14) 
Cl262 Cd2 Cl6 84.46(12)   Cd4 Cl16 Cd5 95.58(13) 
Cl262 Cd2 Cl8 174.26(14)   Cd26 Cl19 Cd4 99.92(15) 
Cl262 Cd2 Cl9 90.37(15)   Cd5 Cl17 Cd4 95.99(13) 
Cl262 Cd2 Cl103 99.07(12)   Cd3 Cl24 Cd5 98.96(14) 
Cl64 Cd3 Cl9 94.73(12)   C4 C3 N1 123.8(14) 
Cl8 Cd3 Cl64 85.41(11)   C4 C3 C5 120.5(15) 
Cl8 Cd3 Cl9 84.23(12)   C5 C3 N1 115.6(14) 
Cl12 Cd3 Cl64 178.48(11)   C3 C4 C2 124.4(15) 
A31
Cl12 Cd3 Cl8 93.57(12)   C3 C4 C8 118.2(17) 
Cl12 Cd3 Cl9 84.04(11)   C8 C4 C2 117.4(17) 
Cl24 Cd3 Cl64 96.79(13)   C11 C2 C4 109.4(16) 
Cl24 Cd3 Cl8 172.49(14)   C11 C2 C14 111.6(19) 
Cl24 Cd3 Cl9 88.43(14)   C14 C2 C4 108.1(15) 
Cl24 Cd3 Cl12 84.08(13)   C20 C2 C4 110.4(18) 
Cl26 Cd3 Cl64 85.41(12)   C20 C2 C11 110(2) 
Cl26 Cd3 Cl8 90.46(15)   C20 C2 C14 107(2) 
Cl26 Cd3 Cl9 174.66(14)   C10 C18 C8 118.8(19) 
Cl26 Cd3 Cl12 95.73(13)   C1 C C12 123.1(16) 
Cl26 Cd3 Cl24 96.86(17)   C7 C C1 116.0(18) 
Cl7 Cd4 Cl10 83.78(11)   C7 C C12 120.9(17) 
Cl15 Cd4 Cl7 82.73(12)   C C1 N2 122.9(15) 
Cl15 Cd4 Cl10 87.63(14)   C6 C1 C 122.0(16) 
Cl15 Cd4 Cl16 98.59(16)   C6 C1 N2 115.1(15) 
Cl15 Cd4 Cl19 168.54(15)   C10 C5 C3 119.5(17) 
Cl15 Cd4 Cl17 88.65(13)   C1 C6 C9 121.6(19) 
Cl16 Cd4 Cl7 97.41(12)   C C7 C13 123(2) 
Cl16 Cd4 Cl10 173.77(14)   C4 C8 C18 120.8(19) 
Cl16 Cd4 Cl17 84.00(12)   C13 C9 C6 117(2) 
Cl19 Cd4 Cl7 90.30(15)   C18 C10 C5 121.9(18) 
Cl19 Cd4 Cl10 82.56(12)   C C12 C15 110.7(18) 
Cl19 Cd4 Cl16 91.30(15)   C C12 C19 111.2(18) 
Cl19 Cd4 Cl17 98.19(16)   C C12 C21 102(3) 
Cl17 Cd4 Cl7 171.37(13)   C15 C12 C19 109(2) 
Cl17 Cd4 Cl10 95.74(12)   C15 C12 C21 102(3) 
Cl12 Cd5 Cl71 84.14(11)   C19 C12 C21 121(4) 
Cl151 Cd5 Cl71 82.14(12)   C21A C12 C 121(3) 
Cl151 Cd5 Cl12 88.67(14)   C21A C12 C15 114(4) 
Cl151 Cd5 Cl16 88.60(14)   C21A C12 C19 88(5) 
Cl151 Cd5 Cl17 98.61(16)   C21A C12 C21 33(4) 
Cl151 Cd5 Cl24 166.55(14)   C9 C13 C7 120(2) 
Cl16 Cd5 Cl71 170.74(14)   Cd3 Cl26 Cd24 97.67(14) 
Cl16 Cd5 Cl12 95.37(12)           





Table I.1.5.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab2213_0m. 
Atom x y z U(eq) 
H1A 3719 7018 3721 39 
H1B 3666 5781 3728 39 
H1C 4583 6353 3904 39 
H18 2657 6414 5879 78 
H5 2239 5842 4249 63 
H6 2520 -387 4137 67 
H7 1537 1236 5752 81 
H8 4284 6981 5760 91 
H9 3093 -1157 4996 95 
H10 1690 5828 5122 79 
H11A 4977 8028 4066 110 
H11B 5866 8641 4393 110 
H11C 4786 8908 4541 110 
H13 2564 -347 5808 90 
H14A 5896 5734 4930 120 
H14B 6643 6639 4730 120 
H14C 5804 6170 4307 120 
H15A -281 2313 4165 176 
H15B -876 2301 4705 176 
H15C -357 1187 4515 176 
H2A 1910 1032 3646 43 
H2B 1482 2046 3881 43 
H2C 877 1042 3761 43 
H20A 5270 8389 5544 197 
H20B 6337 8096 5384 197 
H20C 5722 7186 5689 197 
H19A 1781 3421 4692 157 
H19B 851 4108 4846 157 
H19C 866 3517 4257 157 
H21A 386 1598 5746 191 
H21B -477 2424 5552 191 
H21C 537 2921 5790 191 
H21D -227 2887 5486 156 
H21E 574 3776 5339 156 




Table I.1.5.7 Atomic Occupancy for ab2213_0m. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 
C21 0.53(13)   H21A 0.53(13)   H21B 0.53(13) 
H21C 0.53(13)   C21A 0.47(13)   H21D 0.47(13) 
H21E 0.47(13)   H21F 0.47(13)       
 
I.1.6. [CdCl3]1-• 2-aminobiphenyl 
Table I.1.6.1 Crystal data and structure refinement for ab54416. 
Identification code ab54416 
Empirical formula C6H10CdCl3N0.5O2 
Formula weight 339.90 
Temperature/K 100.01 
Crystal system triclinic 












Crystal size/mm3 0.4 × 0.2 × 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.34 to 53 
Index ranges -8 ≤ h ≤ 8, -11 ≤ k ≤ 12, -22 ≤ l ≤ 22 
Reflections collected 18050 
Independent reflections 4520 [Rint = 0.0667, Rsigma = 0.0632] 
Data/restraints/parameters 4520/0/239 
Goodness-of-fit on F2 1.035 
Final R indexes [I>=2σ (I)] R1 = 0.0404, wR2 = 0.0895 
Final R indexes [all data] R1 = 0.0677, wR2 = 0.1034 





Table I.1.6.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab54416. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
N1 2809(7) 7816(5) 7813(2) 22.0(11) 
C1 4139(9) 8157(6) 8600(3) 19.9(12) 
C2 5900(8) 9260(6) 8747(3) 21.2(12) 
C3 7242(9) 9576(6) 9465(3) 24.6(13) 
C4 6816(9) 8833(6) 10032(3) 27.2(14) 
C5 5028(9) 7748(6) 9873(3) 24.2(13) 
C6 3604(8) 7378(6) 9156(3) 18.9(12) 
C7 1684(9) 6215(6) 9012(3) 22.7(13) 
C8 1855(10) 4878(6) 9157(3) 27.5(14) 
C9 67(11) 3774(6) 9012(3) 31.9(15) 
C10 -1869(10) 3996(7) 8726(3) 31.0(15) 
C11 -2060(10) 5337(7) 8597(3) 29.6(14) 
C12 -295(9) 6444(6) 8742(3) 23.7(13) 
Cd1 7978.1(6) 9107.2(4) 6546.4(2) 18.13(12) 
Cd2 2641.5(6) 9661.1(4) 5522.2(2) 18.70(12) 
Cl1 10430(2) 10250.8(15) 7848.7(7) 22.8(3) 
Cl2 6096(2) 6905.5(16) 6928.4(9) 29.5(3) 
Cl3 5206(2) 10560.5(15) 6829.6(7) 21.5(3) 
Cl4 5356(2) 8238.9(14) 5062.9(7) 19.0(3) 
Cl5 473(2) 7600.2(14) 5987.7(7) 19.9(3) 
Cl6 143.1(19) 8858.3(13) 4127.1(7) 16.5(3) 
O4 2333(11) 4554(6) 5620(3) 61.4(17) 
O1 6819(7) 6879(4) 2409(3) 33.2(10) 
O2 8960(8) 5412(5) 3087(3) 40.4(12) 








Table I.1.6.3 Anisotropic Displacement Parameters (Å2×103) for ab54416. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
N1 23(3) 24(3) 15(2) 1(2) -5(2) 7(2) 
C1 21(3) 28(3) 12(3) 5(2) 2(2) 10(3) 
C2 16(3) 28(3) 20(3) 9(2) 3(2) 4(2) 
C3 12(3) 31(3) 25(3) 1(3) 0(2) 1(2) 
C4 22(3) 40(4) 18(3) 6(3) 1(2) 6(3) 
C5 29(3) 34(4) 10(3) 4(2) 2(2) 12(3) 
C6 18(3) 21(3) 20(3) 5(2) 3(2) 11(2) 
C7 32(3) 22(3) 15(3) 2(2) 5(2) 8(3) 
C8 35(4) 26(3) 25(3) 9(3) 5(3) 11(3) 
C9 47(4) 23(3) 30(3) 9(3) 11(3) 12(3) 
C10 33(4) 33(4) 22(3) 4(3) 8(3) -5(3) 
C11 24(3) 39(4) 24(3) 4(3) 3(3) 9(3) 
C12 23(3) 27(3) 24(3) 9(3) 6(3) 9(3) 
Cd1 14.9(2) 24.1(2) 15.2(2) 4.17(17) 1.47(16) 5.43(17) 
Cd2 11.7(2) 30.2(2) 14.0(2) 4.76(17) 0.76(15) 6.06(17) 
Cl1 19.9(7) 30.3(8) 14.8(6) 0.6(6) -2.4(6) 6.1(6) 
Cl2 33.9(9) 26.8(8) 33.8(8) 11.1(7) 16.8(7) 8.9(7) 
Cl3 15.0(7) 34.4(8) 13.8(6) 0.4(6) 1.5(5) 7.5(6) 
Cl4 13.5(7) 25.3(7) 17.0(6) 1.6(6) 2.3(5) 5.0(5) 
Cl5 17.9(7) 25.9(7) 18.4(6) 6.8(6) 4.4(5) 8.1(6) 
Cl6 12.5(6) 21.7(7) 14.3(6) 1.7(5) 1.7(5) 4.2(5) 
O4 84(5) 48(4) 38(3) -10(3) -9(3) 17(3) 
O1 36(3) 30(2) 26(2) -3(2) -2(2) 5(2) 
O2 57(3) 24(2) 35(3) 2(2) -2(2) 10(2) 









Table I.1.6.4 Bond Lengths for ab54416. 
Atom Atom Length/Å   Atom Atom Length/Å 
N1 C1 1.473(6)   Cd1 Cl2 2.5191(15) 
C1 C2 1.381(8)   Cd1 Cl3 2.6159(14) 
C1 C6 1.394(7)   Cd1 Cl4 2.8050(14) 
C2 C3 1.381(7)   Cd1 Cl51 2.6485(14) 
C3 C4 1.371(8)   Cd1 Cl62 2.6920(14) 
C4 C5 1.381(8)   Cd2 Cl3 2.5497(14) 
C5 C6 1.401(7)   Cd2 Cl42 2.6736(14) 
C6 C7 1.486(8)   Cd2 Cl4 2.6531(14) 
C7 C8 1.394(8)   Cd2 Cl5 2.5718(14) 
C7 C12 1.402(8)   Cd2 Cl6 2.6463(13) 
C8 C9 1.393(9)   Cd2 Cl63 2.6699(13) 
C9 C10 1.380(9)   Cl4 Cd22 2.6736(14) 
C10 C11 1.392(8)   Cl5 Cd14 2.6485(14) 
C11 C12 1.385(8)   Cl6 Cd12 2.6920(13) 
Cd1 Cl1 2.5374(14)   Cl6 Cd23 2.6699(13) 














Table I.1.6.5 Bond Angles for ab54416. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C2 C1 N1 116.8(5)   Cl3 Cd1 Cl51 169.46(4) 
C2 C1 C6 123.0(5)   Cl3 Cd1 Cl62 90.84(4) 
C6 C1 N1 120.2(5)   Cl51 Cd1 Cl4 86.85(4) 
C1 C2 C3 118.9(5)   Cl51 Cd1 Cl62 84.70(4) 
C4 C3 C2 120.8(5)   Cl62 Cd1 Cl4 81.65(4) 
C3 C4 C5 119.1(5)   Cl3 Cd2 Cl4 87.45(4) 
C4 C5 C6 122.8(5)   Cl3 Cd2 Cl42 91.10(4) 
C1 C6 C5 115.4(5)   Cl3 Cd2 Cl5 93.44(5) 
C1 C6 C7 123.4(5)   Cl3 Cd2 Cl6 176.09(5) 
C5 C6 C7 121.2(5)   Cl3 Cd2 Cl63 96.01(4) 
C8 C7 C6 119.3(5)   Cl4 Cd2 Cl42 85.11(4) 
C8 C7 C12 119.5(6)   Cl4 Cd2 Cl63 175.47(4) 
C12 C7 C6 121.2(5)   Cl5 Cd2 Cl4 96.07(4) 
C9 C8 C7 119.7(6)   Cl5 Cd2 Cl42 175.36(4) 
C10 C9 C8 120.4(6)   Cl5 Cd2 Cl63 86.66(4) 
C9 C10 C11 120.2(6)   Cl5 Cd2 Cl6 90.45(4) 
C12 C11 C10 119.9(6)   Cl6 Cd2 Cl4 91.74(4) 
C11 C12 C7 120.2(5)   Cl63 Cd2 Cl42 91.89(4) 
Cl1 Cd1 Cl3 93.14(4)   Cl6 Cd2 Cl42 85.02(4) 
Cl1 Cd1 Cl4 171.79(5)   Cl6 Cd2 Cl63 84.61(4) 
Cl1 Cd1 Cl51 96.48(5)   Cd2 Cl3 Cd1 98.05(5) 
Cl1 Cd1 Cl62 91.16(4)   Cd2 Cl4 Cd1 91.18(4) 
Cl2 Cd1 Cl1 98.07(5)   Cd22 Cl4 Cd1 94.97(4) 
Cl2 Cd1 Cl3 94.16(5)   Cd2 Cl4 Cd22 94.89(4) 
Cl2 Cd1 Cl4 89.49(5)   Cd2 Cl5 Cd14 95.42(5) 
Cl2 Cd1 Cl51 88.75(5)   Cd2 Cl6 Cd12 98.34(4) 
Cl2 Cd1 Cl62 169.24(5)   Cd23 Cl6 Cd12 92.15(4) 
Cl3 Cd1 Cl4 83.06(4)   Cd2 Cl6 Cd23 95.39(4) 







Table I.1.6.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab54416. 
Atom x y z U(eq) 
H1A 3619 7994 7462 26 
H1B 1859 8366 7796 26 
H1C 2128 6877 7697 26 
H2 6183 9792 8360 25 
H3 8475 10318 9568 29 
H4 7738 9060 10527 33 
H5 4751 7231 10267 29 
H8 3184 4721 9354 33 
H9 182 2862 9110 38 
H10 -3076 3232 8618 37 
H11 -3397 5492 8410 36 
H12 -426 7362 8659 28 
H4A 3083 5153 5407 92 
H4B 1318 3986 5265 92 
H1D 5924 7251 2624 50 
H1E 7872 7555 2394 50 
H2A 8464 6154 2919 61 
H2B 8291 5233 3501 61 
H3A 6423 3357 6183 81 












I.2. Crystal Data for Chapter 3 Compounds 
I.2.1. 3,3’-di-tert-butylbenzidine 
Table I.2.1.1 Crystal data and structure refinement for ab17315_0m. 
Identification code ab17315_0m 
Empirical formula C20H28N2 
Formula weight 296.44 
Temperature/K 99.99 
Crystal system triclinic 












Crystal size/mm3 0.223 × 0.175 × 0.159 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.72 to 54.98 
Index ranges -10 ≤ h ≤ 10, -13 ≤ k ≤ 13, -14 ≤ l ≤ 14 
Reflections collected 10331 
Independent reflections 3775 [Rint = 0.0316, Rsigma = 0.0435] 
Data/restraints/parameters 3775/0/207 
Goodness-of-fit on F2 1.055 
Final R indexes [I>=2σ (I)] R1 = 0.0602, wR2 = 0.1605 
Final R indexes [all data] R1 = 0.0831, wR2 = 0.1784 






Table I.2.1.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab17315_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
C0AA 4976(3) 2376(2) 1170.3(18) 19.7(4) 
C 5882(2) 2321(2) 3571.1(17) 18.0(4) 
C7 6763(3) 1932(2) 2643.9(18) 20.5(4) 
C1AA 4067(2) 2793(2) 2089.0(17) 16.9(4) 
C18 6304(3) 1947(2) 1471.9(18) 21.4(4) 
C25 4556(2) 2752(2) 3257.6(17) 18.2(4) 
N2AA 4599(2) 2301(2) -57.4(15) 25.1(4) 
C3AA 6259(2) 2208(2) 4813.0(17) 18.0(4) 
C4AA 5246(3) 1463(2) 6566.1(17) 19.1(4) 
C7AA 6948(3) 1738(2) 7074.4(17) 18.6(4) 
C0BA 4897(3) 1680(2) 5455.6(17) 18.5(4) 
C2BA 8370(2) 2321(2) 6469.6(17) 17.9(4) 
N3BA 7124(2) 1435(2) 8208.4(15) 21.3(4) 
C5BA 7969(2) 2537(2) 5346.6(17) 18.6(4) 
C8BA 2603(3) 3301(2) 1842.4(17) 18.6(4) 
C1 3358(3) 4760(2) 1458.2(19) 22.8(4) 
C2 1060(3) 2029(2) 861.5(18) 23.4(4) 
C8AA 10469(3) 1255(3) 7042(2) 27.3(5) 
C5 1811(3) 3668(3) 2986.1(19) 25.3(5) 
C6AA 10906(3) 3890(3) 8266.0(19) 26.9(5) 
C2AA 10295(3) 2708(2) 6995.3(18) 21.7(4) 









Table I.2.1.3 Anisotropic Displacement Parameters (Å2×103) for ab17315_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
C0AA 19.7(10) 18.8(10) 18.7(10) 6.8(8) 3.0(7) 5.6(8) 
C 15.0(9) 16.5(9) 19.1(9) 5.5(7) 0.3(7) 3.6(7) 
C7 16.7(9) 23(1) 24.3(10) 9.8(8) 4.3(8) 9.3(8) 
C1AA 15.9(9) 15.4(9) 18.6(9) 5.8(7) 2.1(7) 5.6(7) 
C18 20.1(10) 25.4(10) 21.6(10) 9.5(8) 9.4(8) 10.4(8) 
C25 17.7(9) 18.2(9) 17.5(9) 4.6(7) 2.5(7) 7.0(8) 
N2AA 30.6(10) 30(1) 19.2(9) 8.8(7) 3.8(7) 16.6(8) 
C3AA 20.0(9) 16.8(9) 17.6(9) 4.8(7) 1.5(7) 8.8(8) 
C4AA 18.2(9) 19.5(9) 19.9(10) 5.4(8) 6.6(7) 8.3(8) 
C7AA 21.6(10) 17.6(9) 16.9(9) 4.0(7) 2.3(7) 9.5(8) 
C0BA 16.8(9) 18.1(9) 19.9(9) 4.0(7) 1.2(7) 8.0(8) 
C2BA 18.3(9) 17.7(9) 17.9(9) 4.5(7) 2.1(7) 8.5(8) 
N3BA 24.0(9) 22.9(9) 15.9(8) 6.0(7) 5.1(7) 8.6(7) 
C5BA 17.1(9) 19.3(10) 19.5(10) 6.6(8) 3.0(7) 7.4(8) 
C8BA 19.4(9) 21.2(10) 16.5(9) 6.4(7) 1.6(7) 9.5(8) 
C1 23.7(10) 20.4(10) 24.1(10) 7.2(8) 1.6(8) 9.4(8) 
C2 19.6(10) 25.6(11) 22.5(10) 8.0(8) 0.3(8) 7.1(8) 
C8AA 26.8(11) 37.9(13) 26.8(11) 13.5(9) 7.2(9) 20.7(10) 
C5 27.2(11) 35.7(12) 21.9(10) 10.2(9) 5.7(8) 20.9(10) 
C6AA 22.1(10) 30.2(12) 22.4(11) 8.2(9) -2.3(8) 5.9(9) 
C2AA 17.3(10) 28.3(11) 20.9(10) 10.3(8) 1.8(8) 9.8(8) 










Table I.2.1.4 Bond Lengths for ab17315_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
C0AA C1AA 1.414(3)   C4AA C0BA 1.379(3) 
C0AA C18 1.400(3)   C7AA C2BA 1.409(3) 
C0AA N2AA 1.401(2)   C7AA N3BA 1.420(2) 
C C7 1.396(3)   C2BA C5BA 1.402(3) 
C C25 1.403(3)   C2BA C2AA 1.543(3) 
C C3AA 1.482(3)   C8BA C1 1.538(3) 
C7 C18 1.381(3)   C8BA C2 1.538(3) 
C1AA C25 1.393(3)   C8BA C5 1.535(3) 
C1AA C8BA 1.544(3)   C8AA C2AA 1.543(3) 
C3AA C0BA 1.392(3)   C6AA C2AA 1.538(3) 
C3AA C5BA 1.397(3)   C2AA C5AA 1.533(3) 
C4AA C7AA 1.399(3)         
  
 
Table I.2.1.5 Bond Angles for ab17315_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C18 C0AA C1AA 119.09(17)   C2BA C7AA N3BA 124.11(17) 
C18 C0AA N2AA 116.39(17)   C4AA C0BA C3AA 120.14(18) 
N2AA C0AA C1AA 124.48(18)   C7AA C2BA C2AA 122.57(17) 
C7 C C25 116.94(17)   C5BA C2BA C7AA 117.02(17) 
C7 C C3AA 121.63(17)   C5BA C2BA C2AA 120.41(17) 
C25 C C3AA 121.35(17)   C3AA C5BA C2BA 123.59(17) 
C18 C7 C 120.58(18)   C1 C8BA C1AA 110.50(15) 
C0AA C1AA C8BA 122.58(16)   C1 C8BA C2 110.89(16) 
C25 C1AA C0AA 117.38(17)   C2 C8BA C1AA 110.52(16) 
C25 C1AA C8BA 120.03(16)   C5 C8BA C1AA 112.19(15) 
C7 C18 C0AA 121.90(18)   C5 C8BA C1 106.25(16) 
C1AA C25 C 124.10(17)   C5 C8BA C2 106.35(16) 
C0BA C3AA C 120.74(17)   C8AA C2AA C2BA 110.24(17) 
C0BA C3AA C5BA 117.76(17)   C6AA C2AA C2BA 110.79(16) 
C5BA C3AA C 121.38(17)   C6AA C2AA C8AA 111.33(17) 
C0BA C4AA C7AA 121.88(17)   C5AA C2AA C2BA 111.98(16) 
C4AA C7AA C2BA 119.52(17)   C5AA C2AA C8AA 106.17(17) 
C4AA C7AA N3BA 116.35(17)   C5AA C2AA C6AA 106.19(17) 
  
A43
Table I.2.1.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab17315_0m. 
Atom x y z U(eq) 
H7 7686 1653 2821 25 
H18 6908 1659 853 26 
H25 3955 3032 3881 22 
H2AA 3876 1362 -479 30 
H2AB 4090 2902 -105 30 
H4AA 4304 1117 6998 23 
H0BA 3723 1469 5128 22 
H3BA 7090 2168 8797 26 
H3BB 6248 567 8181 26 
H5BA 8911 2929 4925 22 
H1A 4291 5570 2116 34 
H1B 2412 5062 1300 34 
H1C 3854 4576 714 34 
H2A 1502 1748 110 35 
H2B 166 2384 691 35 
H2C 528 1143 1158 35 
H8AA 9603 726 7500 41 
H8AB 11666 1525 7447 41 
H8AC 10247 590 6207 41 
H5A 1294 2764 3262 38 
H5B 890 3983 2789 38 
H5C 2744 4490 3637 38 
H6AA 10882 4831 8195 40 
H6AB 12114 4092 8595 40 
H6AC 10110 3499 8816 40 
H5AA 11282 2681 5375 44 
H5AB 12799 3644 6562 44 








I.2.2. 3,3’-di-tert-butylbenzidine • Cl 
Table I.2.2.1 Crystal data and structure refinement for AB57615_0m. 
Identification code AB57615_0m 
Empirical formula C80H120Cl8N8 
Formula weight 481.76 
Temperature/K 100.02 
Crystal system monoclinic 












Crystal size/mm3 0.4 × 0.3 × 0.02 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.16 to 47.18 
Index ranges -28 ≤ h ≤ 29, -10 ≤ k ≤ 10, -9 ≤ l ≤ 7 
Reflections collected 13778 
Independent reflections 1553 [Rint = 0.0364, Rsigma = 0.0228] 
Data/restraints/parameters 1553/0/113 
Goodness-of-fit on F2 1.053 
Final R indexes [I>=2σ (I)] R1 = 0.0291, wR2 = 0.0668 
Final R indexes [all data] R1 = 0.0398, wR2 = 0.0723 








Table I.2.2.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for AB57615_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
N2 1921.5(5) 8233.5(15) 7988.1(17) 17.4(3) 
C0AA 1348.9(7) 8168.5(18) 7722(2) 16.6(4) 
C1AA 285.6(7) 8171.3(19) 7565(2) 18.6(4) 
C5 1034.7(7) 7664.8(18) 6286(2) 17.7(4) 
C6 1145.4(7) 8635.8(19) 9034(2) 19.6(4) 
C7 502.0(7) 7695.5(18) 6273(2) 18.9(4) 
C8 617.0(7) 8640.7(19) 8968(2) 20.7(4) 
C1 1228.8(8) 5432(2) 5067(2) 30.7(5) 
C2 1214.2(7) 6997.3(19) 4804(2) 18.7(4) 
C3 1748.0(8) 7466(2) 4541(2) 29.7(5) 
C4 826.8(8) 7339(2) 3215(2) 34.9(5) 
Cl1 2435.61(18) 10596.5(5) 6426.3(5) 24.81(16) 
  
Table I.2.2.3 Anisotropic Displacement Parameters (Å2×103) for AB57615_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
N2 18.1(8) 20.5(8) 14.2(8) 1.4(6) 4.4(6) 2.1(7) 
C0AA 15.1(10) 17.3(10) 18.1(9) 3.3(8) 5.0(8) 0.7(8) 
C1AA 18(1) 20.3(10) 18.4(9) 2.7(8) 5.9(8) 0.1(8) 
C5 20.1(10) 17.2(10) 16.6(9) 3.1(8) 5.4(8) 1.9(8) 
C6 20.2(10) 22.1(10) 16.1(9) -0.9(8) 2.9(8) -1.1(8) 
C7 19.1(10) 21.6(10) 15.6(9) -0.2(8) 2.5(8) -1.5(8) 
C8 21.5(11) 25.2(11) 17.2(10) 0.0(8) 7.9(8) 0.9(8) 
C1 41.2(13) 25.9(11) 29.4(11) -3.3(9) 17.9(10) 0.2(10) 
C2 19.3(10) 21.9(10) 15.9(9) -1.3(8) 5.7(8) 2.0(8) 
C3 30.9(12) 38.0(12) 24.0(11) -7.4(9) 14.5(9) -5.9(10) 
C4 36.4(13) 51.5(14) 16.8(10) -3.9(10) 5.5(9) 13.7(11) 






 Table I.2.2.4 Bond Lengths for AB57615_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
N2 C0AA 1.479(2)   C5 C7 1.399(2) 
C0AA C5 1.399(3)   C5 C2 1.551(2) 
C0AA C6 1.388(2)   C6 C8 1.380(2) 
C1AA C1AA1 1.485(3)   C1 C2 1.531(3) 
C1AA C7 1.395(2)   C2 C3 1.533(3) 
C1AA C8 1.388(3)   C2 C4 1.537(3) 
1-X,+Y,3/2-Z 
  
Table I.2.2.5 Bond Angles for AB57615_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C5 C0AA N2 123.46(15)   C8 C6 C0AA 120.98(17) 
C6 C0AA N2 114.24(15)   C1AA C7 C5 124.37(17) 
C6 C0AA C5 122.29(16)   C6 C8 C1AA 119.30(16) 
C7 C1AA C1AA1 120.54(19)   C1 C2 C5 107.53(14) 
C8 C1AA C1AA1 121.07(18)   C1 C2 C3 108.44(16) 
C8 C1AA C7 118.39(16)   C1 C2 C4 109.26(16) 
C0AA C5 C2 127.30(16)   C3 C2 C5 115.19(15) 
C7 C5 C0AA 114.67(15)   C3 C2 C4 106.23(16) 










Table I.2.2.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for AB57615_0m. 
Atom x y z U(eq) 
H2A 2016 8793 7222 21 
H2B 2050 7370 7903 21 
H2C 2051 8577 9003 21 
H6 1373 8957 9992 23 
H7 272 7371 5320 23 
H8 482 8962 9872 25 
H1A 1483 5208 6063 46 
H1B 1329 4977 4127 46 
H1C 885 5108 5178 46 
H3A 1765 8477 4563 45 
H3B 1801 7131 3479 45 
H3C 2019 7090 5413 45 
H4A 493 6894 3230 52 
H4B 962 7000 2276 52 














I.2.3. [CdBr4]2-• 3,3’-di-tert-butyl-benzidinium 
Table I.2.3.1 Crystal data and structure refinement for AB58115_0m. 
Identification code AB58115_0m 
Empirical formula C160H253Br32Cd8N16O8 
Formula weight 5985.10 
Temperature/K 99.96 
Crystal system triclinic 












Crystal size/mm3 0.4 × 0.4 × 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 1.64 to 42.98 
Index ranges -12 ≤ h ≤ 13, -14 ≤ k ≤ 14, -46 ≤ l ≤ 48 
Reflections collected 132576 
Independent reflections 18852 [Rint = 0.1762, Rsigma = 0.1652] 
Data/restraints/parameters 18852/0/2065 
Goodness-of-fit on F2 1.086 
Final R indexes [I>=2σ (I)] R1 = 0.0579, wR2 = 0.1219 
Final R indexes [all data] R1 = 0.1245, wR2 = 0.1631 








Table I.2.3.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for AB58115_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cd1 9970.4(8) 9558.1(8) 2399.0(3) 28.8(4) 
Cd2 4970.0(8) 9558.7(8) 2601.1(3) 28.3(4) 
Cd3 9970.7(8) 5439.8(8) 7399.1(3) 28.6(3) 
Cd4 5029.9(8) 4558.9(8) 2398.9(3) 28.1(4) 
Cd5 2537.7(8) 7293.5(7) 5016.7(3) 25.7(3) 
Cd6 7536.3(8) 7705.0(7) 4983.2(3) 26.0(3) 
Cd7 7463.7(8) 2295.5(7) -16.7(3) 24.8(3) 
Br8 8088.3(11) 5242.5(10) 7354.4(4) 27.9(5) 
Cd9 2462.0(8) 2703.8(7) 10017.0(3) 24.3(3) 
Br10 8088.6(11) 9756.2(10) 2353.7(4) 28.3(5) 
Br11 6911.1(11) 4757(1) 2354.3(4) 28.3(5) 
Br12 3088.2(11) 9757.8(10) 2645.7(4) 28.5(5) 
Br13 3457.5(11) 5779.5(10) 5035.2(4) 27.7(5) 
Br14 8457.7(11) 9219.4(10) 4965.2(4) 27.2(4) 
Br15 6541.9(11) 781(1) -34.6(4) 25.7(4) 
Br16 10922.8(11) 9752.5(11) 1960.1(4) 31.9(5) 
Br17 4076.4(11) 4753.7(11) 1960.0(4) 32.4(5) 
Br18 4455.6(11) 5303.9(11) 2837.4(4) 31.4(5) 
Br19 10923.5(11) 5246.0(11) 6960.6(4) 32.8(5) 
Br20 10546.9(11) 4697.0(11) 7838.1(4) 31.8(5) 
Br21 5546.3(11) 10302.6(11) 2162.6(4) 32.1(5) 
Br22 1541.2(11) 4218.7(10) 10034.0(4) 26.1(4) 
Br23 5924.3(11) 9756.2(11) 3039.5(4) 32.4(5) 
Br24 10545.9(11) 10305.4(11) 2837.9(4) 32.0(5) 
Br25 2133.8(11) 1878.9(10) 9561.8(3) 25.5(4) 
Br26 7134.8(11) 3121.1(10) 438.7(3) 25.6(4) 
Br27 9364.2(11) 2115.4(10) 3.1(4) 26.0(4) 
Br28 7866.6(11) 6880(1) 5438.5(3) 26.2(4) 
Br29 634.6(11) 7116.2(10) 4996.4(4) 28.0(5) 
Br30 2866.5(11) 8120.4(10) 4561.5(3) 26.0(4) 
Br31 4365.5(11) 2882.5(10) 9997.2(4) 26.2(4) 
Br32 5637.0(11) 7886(1) 5002.7(4) 28.0(5) 
Br33 7095.2(11) 3175.5(10) -449.0(4) 29.3(5) 
Br34 10158.8(11) 7831.7(10) 2490.2(4) 30.0(5) 
Br35 2905.7(11) 8177.3(10) 5448.9(4) 30.8(5) 
Br36 4840.3(11) 2832.5(10) 2489.6(4) 29.7(5) 
Br37 7903.8(12) 6821.8(10) 4551.9(4) 30.7(5) 
Br38 2097.0(11) 1821.9(10) 10448.8(4) 28.3(5) 
A50
Br39 10160.4(11) 7167.9(10) 7490.5(4) 29.7(5) 
Br40 5158.6(11) 7831.5(10) 2510.0(4) 29.4(5) 
C 9175(11) 8858(10) 3326(3) 22(4) 
C4AA 5810(11) 3887(10) 3328(4) 25(4) 
N7AA 9916(8) -492(8) 392(3) 23(4) 
C3AA 9730(13) 8(11) 645(3) 28(5) 
C6AA 9172(10) 6138(10) 8336(4) 19(4) 
C6 4158(11) 8863(11) 1675(4) 27(4) 
C7 6106(10) -819(10) 4094(4) 26(4) 
C8 1945(11) 6823(10) 1743(3) 22(4) 
C9 4756(10) 4990(9) 9357(3) 16(4) 
C10 9678(10) 5613(10) 8897(3) 21(4) 
N 91(8) 4498(8) 4605(3) 23(3) 
N5AA 7541(9) 3113(8) 2803(3) 24(3) 
C2AA 7035(12) 3150(10) 3053(4) 29(5) 
C13 6119(10) 5809(9) 9098(3) 21(4) 
C14 7986(12) 6847(11) 8054(4) 29(5) 
C15 2966(11) 8143(11) 1936(4) 27(4) 
C16 8704(11) 6236(10) 8090(4) 27(5) 
C18 6949(10) 8179(10) 8259(3) 20(4) 
C19 7720(10) 7425(11) 8269(4) 22(5) 
C1A 4004(10) 1606(10) 3664(3) 16(4) 
C1B 3094(10) 2117(10) 8482(4) 22(4) 
C1C 5293(11) 5089(9) 9119(3) 19(4) 
C1D 1902(10) 7880(9) 3476(4) 21(4) 
C1E 4040(11) 4365(10) 9378(3) 24(4) 
C1F 9668(10) 9391(10) 3894(3) 21(4) 
C1G 926(11) 6904(11) 3193(3) 30(5) 
C1H 6947(12) 6819(11) 3250(3) 33(5) 
C1I 7954(11) 8148(10) 3059(3) 24(4) 
C1J 8098(11) 2880(9) 1517(4) 18(4) 
C1K 2725(11) 7567(10) 1731(4) 24(4) 
C1L 9330(11) 1401(11) 1585(4) 27(4) 
C1M 2866(11) 4535(10) 3452(3) 32(5) 
C1N 10087(9) 9611(10) 4139(3) 16(4) 
C1O 4738(11) 9(10) 4359(3) 23(4) 
C1P 7723(10) 7553(11) 3277(4) 29(5) 
C1Q 4002(11) 647(11) 4373(4) 26(4) 
C1R 11099(10) -790(9) 902(3) 17(4) 
C1S 6309(12) 3771(10) 3081(4) 27(4) 
C1T 9063(11) 1920(11) 1810(4) 29(4) 
C1U -17(11) 5454(10) 3900(4) 26(5) 
A51
C1V 986(10) 5648(9) 4374(3) 21(4) 
C1W 4295(11) 3921(10) 8917(4) 21(4) 
C1X 990(10) 6613(9) 3665(3) 19(4) 
C1Y 4034(10) 3388(10) 8672(3) 20(4) 
C1Z 9006(12) 646(11) 627(3) 27(4) 
C20 -1101(10) 4199(9) 4092(3) 19(4) 
C21 10302(12) 11158(11) 3948(4) 37(5) 
N4AA 4904(9) 5505(8) 9608(3) 27(4) 
C22 5310(11) -102(10) 4122(3) 22(4) 
C23 277(11) 5013(10) 4357(3) 20(4) 
C24 2637(10) 8665(11) 3528(4) 31(5) 
C25 5674(11) 6727(10) 9092(3) 28(5) 
C26 5046(11) 445(10) 3904(4) 22(4) 
C27 4066(11) 1892(11) 3190(4) 28(4) 
C28 8045(12) 1339(10) 2982(3) 37(5) 
C29 2897(11) 8724(10) 3828(4) 34(5) 
C2A 8067(12) 1812(10) 3257(4) 29(5) 
C2B 727(10) 6083(9) 3915(3) 16(4) 
C2C 1432(10) 3512(10) 3372(4) 31(5) 
C2D 2377(11) 1353(10) 8530(3) 21(4) 
C2E 10157(10) 8906(11) 4325(3) 25(4) 
C2F 10659(12) -1719(10) 913(4) 38(5) 
C2G 4342(11) 1400(11) 3412(4) 28(4) 
C2H 2087(11) 3742(10) 3825(3) 24(4) 
C2I 5924(10) 7225(9) 3300(3) 27(4) 
C2J 7266(10) 2552(10) 3272(3) 21(4) 
C2L 665(11) 6409(10) 3411(3) 26(4) 
C2M 8912(11) 8352(10) 3557(3) 18(4) 
C2N 7104(11) 3735(10) 1174(4) 32(5) 
C2O 6431(10) 3513(11) 1635(3) 31(5) 
C2P 5035(10) 4545(9) 8903(3) 14(4) 
C2Q 10152(11) 6094(11) 9329(3) 20(4) 
C2R 7116(12) 6122(11) 3469(4) 38(5) 
C2S 2098(10) 1262(10) 8831(3) 30(5) 
C2T 8676(11) 8784(10) 3095(3) 20(4) 
N3AA 10625(9) 9013(8) 4603(3) 33(4) 
C2U 6960(11) 6344(10) 2980(3) 31(5) 
C2V 8204(11) 7300(10) 8511(4) 26(5) 
C2W 3095(11) 2891(10) 3480(4) 27(5) 
C2X 2143(11) 9559(9) 3448(3) 31(5) 
C2Y 10096(11) 5387(10) 9144(4) 23(4) 
C2Z 10396(11) 10555(10) 4203(4) 27(4) 
A52
C31 3460(12) 2364(11) 8239(4) 29(5) 
C32 3795(11) 3827(10) 9152(4) 26(5) 
C33 8236(11) 7694(10) 3519(4) 27(4) 
C34 7856(11) 4542(10) 1547(4) 33(5) 
C35 8790(11) 1181(10) 845(4) 25(5) 
C36 3924(10) 8359(10) 1443(3) 19(4) 
C37 9057(10) 2224(10) 3291(4) 30(5) 
C38 9297(12) 1068(11) 1084(3) 25(4) 
C39 3684(11) 8761(10) 1906(3) 16(4) 
C3A 3394(10) 2637(10) 8704(3) 18(4) 
C3B 10289(12) 3854(10) 8952(3) 31(5) 
C3C 6890(11) 5720(11) 9321(3) 34(5) 
C3D -1895(11) 4273(11) 4319(3) 31(5) 
C3E 4283(11) 1065(11) 3909(4) 29(5) 
C3F 9777(11) 4050(9) 9433(4) 32(5) 
C3G 10277(11) -101(10) 880(4) 22(4) 
C3H 11499(11) 10584(10) 4261(4) 37(5) 
C3J 10038(10) 436(10) 1098(4) 19(4) 
C3K 1217(11) 6169(9) 4154(4) 23(4) 
C3L 9833(10) 8054(11) 4278(3) 24(4) 
C3M -1644(11) 4323(10) 3822(4) 37(5) 
C3N 6657(11) 5683(11) 8809(4) 41(5) 
C3O 5669(11) -1736(10) 4088(4) 39(5) 
C3P 8450(12) 2627(11) 1771(4) 26(4) 
N2AA 8198(9) 3112(8) 2020(3) 38(4) 
C3Q 9463(11) 7117(11) 9017(4) 35(5) 
C3T 1553(12) 7624(11) 3231(4) 27(4) 
C3V 4064(11) 3083(12) 8195(4) 35(5) 
C3W 6078(11) 3362(11) 3551(4) 28(5) 
C3X 2380(11) 3668(11) 3527(3) 28(5) 
C3Z 2862(11) 451(10) 8459(4) 31(5) 
C40 11486(11) 4424(10) 9272(3) 32(5) 
C41 4328(11) 3597(10) 8413(4) 32(5) 
C43 10391(11) 4467(11) 9201(3) 28(4) 
C44 1425(10) 1483(11) 8367(4) 42(5) 
C45 922(10) 7217(10) 1698(3) 27(4) 
C46 8911(10) 6663(10) 8560(3) 19(4) 
C47 11654(11) -693(10) 1185(4) 35(5) 
C48 11890(11) -724(11) 681(3) 30(4) 
C4A -308(11) 4901(10) 4123(4) 25(4) 
C4B 8988(11) 1623(10) 1330(3) 24(4) 
C4D 6640(11) -703(11) 3810(4) 40(5) 
A53
C4F 3209(12) 7708(10) 1485(4) 34(5) 
C4G 7375(11) 3668(10) 1469(3) 23(4) 
C4H 2128(12) 6120(10) 1534(4) 42(5) 
C4I 7878(11) 1120(10) 3464(4) 36(5) 
C4L 1609(11) 7354(10) 3695(4) 30(5) 
C4M 9421(11) 7895(11) 4019(4) 33(5) 
C4O 9363(10) 6462(11) 8822(3) 19(4) 
C4P 8376(11) 2361(11) 1306(4) 28(5) 
N6AA 7478(9) 6902(8) 7798(3) 30(4) 
N16 1789(9) 8099(9) 2977(3) 38(4) 
N9 3205(9) 1905(8) 7977(3) 34(4) 
N11 10617(9) 5961(8) 9600(3) 31(4) 
N12 3201(9) 3085(8) 2978(3) 29(4) 
N1AA 7488(9) 8134(8) 2798(2) 23(3) 
N0AA 2501(8) 8114(8) 2201(3) 25(3) 
N8AA 4901(8) -506(8) 4601(3) 26(4) 
C4BA 5090(10) 9624(10) 861(4) 23(4) 
C5BA 5396(11) 10541(10) 800(3) 25(4) 
C1CA 4776(11) 10952(10) 566(4) 38(5) 
C7BA 5173(10) 8923(11) 673(3) 23(4) 
C6BA 4928(11) 4594(10) 4139(4) 23(5) 
C0CA 5333(11) 4382(11) 3885(3) 23(4) 
C2BA 3571(10) 8502(10) 3368(4) 33(5) 
N8BA 5607(9) 9007(7) 397(3) 28(4) 
C9BA 5295(12) 11142(10) 1045(3) 34(5) 
C1BA 4356(11) 8536(11) 1174(4) 25(4) 
C1AA 5650(11) 3543(11) 3818(4) 25(5) 
C7CA 4813(10) 8075(11) 720(3) 23(4) 
C5CA 5166(10) 3049(10) 4269(4) 29(5) 
N2DA 4381(9) 4019(8) 4605(3) 36(4) 
C6CA 4601(10) 5552(10) 4209(3) 20(4) 
C3DA 4843(10) 3892(12) 4326(3) 22(4) 
C2CA 7137(11) 8888(10) 8461(3) 32(5) 
C6DA 3377(10) 2348(11) 3687(4) 29(5) 
C3CA 6952(10) 8665(10) 7978(3) 27(4) 
C3 6889(10) -738(9) 4313(3) 22(4) 
C4CA 9820(10) 6932(12) 9276(4) 30(5) 
C7DA 1965(11) 6331(10) 2023(4) 33(5) 
C9CA 3483(12) 2617(12) 3231(3) 26(4) 
C0DA 9345(10) 8546(11) 3827(4) 22(4) 
C8CA 5576(11) 2908(12) 4017(4) 34(5) 
C2DA 4673(10) 9380(11) 1110(3) 24(4) 
A54
C2 -668(11) 3271(10) 4082(4) 37(5) 
C1DA 6779(12) 2693(10) 3511(4) 27(5) 
C4 3489(10) 5590(11) 4270(4) 37(5) 
C4DA 9791(11) 10949(10) 4430(4) 42(5) 
C1 4694(13) 6143(12) 3946(4) 49(6) 
C8DA 4433(11) 7885(11) 980(4) 30(5) 
C5DA 3799(11) 1170(11) 4154(4) 32(5) 
C9DA 6502(11) 10591(10) 735(4) 38(5) 
C5 5222(12) 5957(10) 4433(4) 39(5) 
C0EA 5941(11) 7790(11) 8300(4) 47(6) 
O1AA 11352(7) 245(6) 68(2) 22(3) 
O2AA 6367(7) 4733(7) 9937(2) 27(3) 
O3 1356(7) 4724(6) 5063(2) 28(3) 
O4 3631(7) -262(7) 5064(2) 31(3) 
O5 2100(7) 1965(7) 2645(3) 37(3) 
O1 7092(8) 1939(8) 2351(3) 44(3) 
O2 2928(8) 6953(8) 2644(3) 40(3) 













Table I.2.3.3 Anisotropic Displacement Parameters (Å2×103) for AB58115_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cd1 24.3(7) 31.6(8) 30.5(9) 1.4(7) -0.2(6) 2.1(6) 
Cd2 23.7(7) 31.3(8) 30.0(9) -1.8(7) 0.4(6) 2.5(6) 
Cd3 24.5(7) 32.0(8) 29.4(9) -2.0(7) 0.2(6) -1.3(6) 
Cd4 24.0(7) 31.6(8) 28.7(9) 0.5(7) -0.7(6) -1.4(6) 
Cd5 27.5(7) 21.8(8) 27.7(9) -0.2(6) 0.2(6) 1.3(6) 
Cd6 28.3(8) 23.5(8) 26.3(9) 1.1(6) 0.7(6) 0.1(6) 
Cd7 27.2(7) 22.5(8) 24.6(8) -2.0(6) -0.6(6) 0.3(6) 
Br8 24.5(10) 30.9(10) 28.4(12) -0.8(9) -1.4(8) -2.6(8) 
Cd9 26.1(7) 21.8(8) 25.0(8) -3.1(6) -0.4(6) 0.6(5) 
Br10 24.7(10) 31.8(11) 28.4(12) -1.3(9) -0.9(8) 2.0(8) 
Br11 24(1) 30.4(10) 30.4(12) -1.2(9) 2.4(8) -2.4(7) 
Br12 24.2(10) 31(1) 30.3(12) -1.0(9) 2.8(8) 2.4(8) 
Br13 25.2(10) 25.9(10) 32.0(12) -1.1(9) 2.5(8) 3.5(7) 
Br14 24.9(10) 24.9(10) 31.7(12) -0.5(9) -1.8(8) -2.9(7) 
Br15 23.1(9) 25.2(10) 28.6(12) -1.1(8) 2.5(8) -2.1(7) 
Br16 31.3(10) 37.5(11) 27.0(12) 5.7(9) 2.1(9) 0.7(8) 
Br17 28.7(10) 37.2(11) 31.4(12) 7.1(9) -2.1(9) 1.0(8) 
Br18 27(1) 34.3(11) 32.8(12) -2.1(9) 0.2(9) 3.8(8) 
Br19 29.9(10) 38.2(11) 30.3(12) -6.0(9) 1.0(9) -0.2(8) 
Br20 27.7(10) 34.0(11) 33.5(12) 0.8(9) -0.9(9) 3.7(8) 
Br21 27.2(10) 36.1(11) 32.9(12) 0.6(9) 0.5(9) -3.1(8) 
Br22 24(1) 23.6(10) 30.6(12) 0.3(8) -3.5(8) 2.4(7) 
Br23 30.8(10) 38.1(11) 28.1(12) -7.8(9) -2.0(9) -0.6(8) 
Br24 29.2(10) 33.7(11) 33.1(12) -2.0(9) 0.2(9) -3.0(8) 
Br25 26.7(10) 25.6(10) 24.2(11) -4.5(8) 0.4(8) -1.2(7) 
Br26 24.9(10) 26(1) 25.8(11) -4.4(8) 0.2(8) 1.4(7) 
Br27 22.1(9) 27.2(10) 28.6(11) -7.6(9) -0.7(8) 3.3(7) 
Br28 26(1) 26.5(10) 26.1(11) 2.3(8) -0.4(8) 1.7(7) 
Br29 24.6(10) 27.9(10) 31.6(12) 6.0(9) 0.6(8) -1.7(8) 
Br30 27.8(10) 27.2(10) 23.0(11) 3.0(8) 0.4(8) -0.4(8) 
Br31 23.1(10) 25.2(10) 30.3(12) -6.3(9) -0.8(8) -2.4(7) 
Br32 25.4(10) 26.9(10) 31.7(12) 6.0(9) -0.5(8) 3.6(7) 
Br33 30.7(10) 29.6(10) 27.7(12) 0.9(9) -0.4(9) 0.1(8) 
Br34 30.1(10) 29.5(11) 30.4(12) 0.8(9) 0.5(9) 0.9(8) 
Br35 34.1(10) 28.1(10) 30.1(12) -2.6(9) -0.6(9) 1.0(8) 
Br36 30(1) 29.3(11) 29.8(12) -0.2(9) 1.1(9) -0.2(8) 
Br37 34.3(10) 28.1(10) 29.7(12) -1.5(9) 0.4(9) 0.6(8) 
Br38 32.5(10) 27.3(10) 25.1(12) -0.8(9) 1.0(9) -1.2(8) 
A56
Br39 27.9(10) 29.7(11) 31.6(12) -2.7(9) -0.5(9) -0.6(8) 
Br40 29.2(10) 28.4(10) 30.6(12) -3.0(9) -0.6(9) 1.6(8) 
C 27(10) 19(10) 21(13) -8(9) 8(10) 2(7) 
C4AA 37(11) 24(11) 15(12) 8(10) -5(10) -3(8) 
N7AA 19(8) 22(8) 30(10) 7(7) -15(7) 4(6) 
C3AA 46(12) 27(12) 10(13) -18(10) 16(10) -11(10) 
C6AA 7(9) 22(10) 27(13) 7(10) -1(9) 3(7) 
C6 17(10) 36(12) 29(14) -4(11) -3(10) 2(8) 
C7 18(10) 19(11) 41(13) 1(9) 0(9) 13(8) 
C8 28(11) 27(11) 11(11) 0(9) 1(8) 1(8) 
C9 17(9) 13(10) 19(13) -1(9) -15(9) -8(8) 
C10 24(10) 14(11) 23(12) -1(9) -3(9) 7(8) 
N 11(7) 34(9) 24(10) 0(7) 0(6) -3(6) 
N5AA 40(9) 31(9) 0(9) 3(7) 4(7) 0(7) 
C2AA 36(11) 6(10) 43(15) 2(10) -12(10) -3(9) 
C13 29(10) 14(10) 21(11) -5(8) -2(9) 1(8) 
C14 24(11) 23(11) 40(15) -16(11) 4(10) -13(9) 
C15 30(11) 26(11) 25(13) -6(10) 0(10) -2(9) 
C16 14(10) 16(10) 53(16) 15(9) 0(10) 2(8) 
C18 16(10) 31(11) 15(11) 6(9) 2(8) 6(8) 
C19 11(10) 37(12) 19(12) 21(11) -6(9) -9(8) 
C1A 4(9) 26(11) 18(13) 8(9) 0(8) 3(8) 
C1B 12(9) 37(12) 16(12) 2(10) 7(9) 7(8) 
C1C 29(10) 17(10) 11(11) 16(9) 0(9) 9(8) 
C1D 8(9) 13(10) 43(14) 16(10) 6(9) 2(7) 
C1E 30(11) 38(11) 4(11) -8(9) 4(8) -3(9) 
C1F 30(10) 16(11) 17(12) 1(9) 9(9) 1(8) 
C1G 43(11) 40(12) 6(11) -8(10) -20(9) -7(10) 
C1H 38(12) 46(12) 16(12) 10(10) -2(9) 0(10) 
C1I 35(11) 22(10) 14(12) 5(9) 18(9) 2(9) 
C1J 29(10) 9(10) 16(12) -15(9) 12(9) 3(8) 
C1K 24(10) 25(11) 22(13) 8(10) -5(10) 13(8) 
C1L 25(10) 36(11) 19(13) -3(10) -11(9) 8(8) 
C1M 35(11) 33(11) 29(12) 10(9) 11(9) -2(9) 
C1N 4(9) 21(11) 22(12) 13(10) 1(8) 8(7) 
C1O 24(11) 29(11) 16(12) 13(9) -9(9) -14(9) 
C1P 2(9) 38(12) 47(15) -10(11) 8(9) -1(8) 
C1Q 16(10) 43(12) 20(12) -11(10) 12(8) 13(9) 
C1R 16(9) 5(9) 31(12) 8(8) -8(8) -8(7) 
C1S 44(12) 7(10) 30(14) 0(9) -1(10) 6(9) 
C1T 39(11) 34(12) 14(12) -5(10) -5(9) 0(9) 
C1U 23(10) 22(10) 33(13) -14(10) -15(9) 19(9) 
A57
C1V 24(10) 14(10) 24(12) 2(9) 4(8) -5(8) 
C1W 15(10) 23(11) 27(13) 10(9) -11(9) 12(9) 
C1X 27(10) 9(10) 22(13) 9(9) 12(9) 1(8) 
C1Y 22(10) 18(10) 20(13) -6(9) -7(9) 0(8) 
C1Z 36(11) 31(11) 13(12) 9(10) -10(9) 3(9) 
C20 26(10) 13(10) 17(11) -4(8) -15(9) 6(8) 
C21 40(11) 32(11) 38(13) 6(10) -16(10) -1(8) 
N4AA 31(8) 23(8) 25(10) -2(7) 9(7) 5(6) 
C22 28(10) 25(11) 14(12) -4(9) 1(9) -21(8) 
C23 17(10) 21(11) 23(13) -3(9) 7(9) 20(9) 
C24 12(10) 57(13) 24(12) 1(10) -4(9) -15(9) 
C25 27(10) 45(13) 11(11) 10(9) -2(8) -11(9) 
C26 22(10) 23(10) 22(12) -13(9) 14(9) -4(9) 
C27 35(11) 34(12) 14(12) -2(10) 12(9) 4(9) 
C28 55(12) 23(11) 33(13) -14(10) -11(10) 24(9) 
C29 28(10) 32(11) 43(14) 2(10) -9(9) -23(8) 
C2A 47(12) 7(10) 33(13) 0(9) 2(9) 3(9) 
C2B 3(9) 16(10) 29(13) 2(9) -3(9) 10(8) 
C2C 21(10) 36(11) 36(13) 1(9) -8(9) 9(8) 
C2D 26(10) 38(12) 0(10) 10(8) -1(8) -3(9) 
C2E 16(10) 36(13) 24(13) 0(10) 4(9) 4(8) 
C2F 45(12) 34(12) 35(13) 5(10) -15(10) 7(9) 
C2G 33(11) 31(11) 18(13) -6(10) -10(10) 18(8) 
C2H 26(10) 28(10) 19(12) 7(8) 1(8) 11(8) 
C2I 33(11) 12(9) 37(13) -7(9) -5(9) 5(8) 
C2J 22(10) 27(11) 13(12) -11(10) 18(9) -7(8) 
C2L 43(11) 25(11) 10(12) 6(10) 4(9) -28(8) 
C2M 24(10) 20(10) 8(11) -5(9) 1(9) 17(8) 
C2N 31(10) 12(10) 52(15) -10(9) 1(10) 19(8) 
C2O 19(10) 43(12) 32(12) 6(10) -2(9) 11(8) 
C2P 21(10) 14(9) 9(11) 7(9) 3(8) -4(8) 
C2Q 26(10) 21(12) 14(12) 9(10) 14(9) 5(8) 
C2R 45(12) 37(12) 31(13) 1(10) -3(10) -4(9) 
C2S 20(10) 23(10) 48(14) -19(9) 0(9) -11(7) 
C2T 29(10) 20(10) 10(12) -3(8) -5(9) 3(9) 
N3AA 26(8) 30(9) 44(11) -1(8) -5(8) 11(6) 
C2U 35(11) 31(11) 26(12) -27(9) -5(9) -19(8) 
C2V 20(10) 11(10) 47(15) -3(9) 21(10) 7(8) 
C2W 40(11) 18(10) 22(13) 25(10) -3(10) -6(9) 
C2X 49(12) 20(10) 25(12) 13(9) 5(9) 5(8) 
C2Y 25(10) 11(11) 33(14) -2(10) 6(9) -10(8) 
C2Z 30(11) 20(11) 32(13) 0(9) 2(9) 3(8) 
A58
C31 33(11) 21(11) 34(15) -20(10) -8(10) 9(9) 
C32 12(9) 24(11) 42(15) 1(10) -1(10) 1(7) 
C33 34(11) 11(10) 34(13) -3(9) 6(10) -7(9) 
C34 20(10) 41(12) 37(13) 2(10) 4(9) 6(8) 
C35 24(10) 12(10) 41(15) -15(10) 7(10) -2(7) 
C36 16(10) 19(10) 21(13) 8(10) 3(9) 19(8) 
C37 33(11) 21(10) 35(13) -5(9) 3(9) 7(8) 
C38 28(11) 41(12) 8(12) 13(9) -2(9) 1(9) 
C39 28(10) 21(10) 0(11) 2(8) -4(9) 13(9) 
C3A 17(9) 29(11) 10(11) 0(9) -7(8) 8(8) 
C3B 50(12) 22(10) 23(12) -4(9) -5(9) 7(8) 
C3C 33(11) 41(12) 29(13) 6(10) 5(10) -2(8) 
C3D 31(10) 49(12) 14(11) -5(9) 3(9) 4(8) 
C3E 20(10) 47(13) 19(13) -20(10) 11(10) -3(9) 
C3F 48(11) 8(9) 40(13) 11(9) -20(10) -2(8) 
C3G 23(10) 18(11) 25(13) 8(10) 4(10) -2(8) 
C3H 39(12) 19(10) 52(14) -15(9) -9(10) 1(8) 
C3J 10(9) 9(9) 38(13) 5(9) -2(8) 6(8) 
C3K 24(10) 14(10) 30(13) 3(9) -6(10) -10(7) 
C3L 18(10) 32(12) 21(12) 2(9) -4(9) -8(8) 
C3M 39(11) 33(11) 39(14) 0(10) 3(10) -13(8) 
C3N 40(11) 37(12) 46(14) -17(10) 24(10) -13(9) 
C3O 33(11) 34(12) 51(14) -23(10) -4(10) 6(9) 
C3P 33(11) 31(12) 13(13) -5(10) 2(9) 5(9) 
N2AA 50(10) 35(9) 28(11) -10(8) 1(8) 3(7) 
C3Q 32(11) 14(11) 58(17) 17(12) -15(11) 7(8) 
C3T 35(11) 39(13) 9(12) -7(10) -10(9) 13(10) 
C3V 37(11) 54(13) 13(12) -12(11) -10(9) -9(10) 
C3W 23(10) 39(12) 22(14) -16(11) 23(9) -11(9) 
C3X 19(10) 40(12) 25(13) -10(9) 12(9) 22(9) 
C3Z 33(10) 31(11) 29(12) -19(9) 3(9) -7(8) 
C40 43(12) 34(11) 18(11) 8(9) 23(9) 1(8) 
C41 45(12) 26(11) 26(14) 7(10) 15(10) -15(9) 
C43 22(11) 34(12) 27(12) -1(10) 7(9) 1(8) 
C44 18(10) 46(12) 60(15) 14(11) 14(10) 3(8) 
C45 16(10) 34(11) 31(12) 3(9) 8(8) 0(8) 
C46 16(10) 27(11) 13(12) -6(9) -1(9) 4(8) 
C47 31(11) 32(11) 44(14) -4(10) 1(10) 13(8) 
C48 34(11) 43(12) 13(11) -4(9) 0(9) -4(8) 
C4A 31(11) 16(10) 28(13) -15(10) 8(10) 1(8) 
C4B 29(10) 26(11) 16(13) -4(9) 4(9) -6(9) 
C4D 40(11) 43(12) 37(14) 18(10) 18(10) 10(9) 
A59
C4F 39(11) 23(11) 39(15) 17(10) -7(10) 7(9) 
C4G 40(11) 24(11) 5(11) 9(8) -6(9) 8(9) 
C4H 52(12) 26(11) 47(15) 5(11) 1(10) -15(9) 
C4I 34(11) 25(11) 48(14) -12(10) -11(10) 8(8) 
C4L 31(11) 23(11) 36(13) -17(10) -6(9) 17(9) 
C4M 18(10) 34(12) 49(15) -24(12) 6(10) 5(8) 
C4O 11(9) 26(12) 19(12) -21(10) -6(8) -4(8) 
C4P 24(10) 22(11) 39(14) -1(10) -13(9) 4(9) 
N6AA 17(8) 58(10) 15(9) -20(8) -8(7) 4(7) 
N16 45(9) 46(10) 23(10) 6(8) 4(8) -5(7) 
N9 34(9) 39(9) 29(10) -7(8) -2(7) -9(7) 
N11 30(8) 16(8) 46(11) 3(7) -11(8) -9(6) 
N12 52(9) 25(8) 12(9) -3(7) -9(7) 15(7) 
N1AA 22(8) 42(9) 7(9) -2(7) -13(7) -3(6) 
N0AA 32(8) 32(9) 12(9) -3(7) 15(7) -3(6) 
N8AA 11(7) 21(8) 46(11) -7(8) 9(7) -1(6) 
C4BA 13(9) 21(12) 35(14) -14(11) -4(9) 6(8) 
C5BA 34(11) 18(11) 24(12) 1(9) -25(9) 1(8) 
C1CA 36(11) 27(11) 51(15) 4(10) 19(10) 6(8) 
C7BA 13(9) 39(13) 18(12) 10(10) 5(8) -6(8) 
C6BA 29(10) 11(10) 29(13) 21(10) -12(9) -11(8) 
C0CA 34(11) 22(12) 13(12) -6(9) -2(9) -4(8) 
C2BA 19(10) 35(11) 46(14) 11(10) 7(9) -7(8) 
N8BA 37(8) 15(8) 33(11) -3(7) -1(8) -1(6) 
C9BA 49(12) 24(11) 29(13) -7(10) 11(10) 5(8) 
C1BA 23(10) 18(11) 34(14) -8(11) -3(9) 11(8) 
C1AA 32(11) 11(11) 33(14) 23(11) 2(9) -12(8) 
C7CA 8(9) 41(13) 20(12) -13(9) 9(8) -2(8) 
C5CA 13(10) 11(11) 62(17) 7(10) -5(10) 12(8) 
N2DA 44(9) 21(8) 44(12) -10(8) -6(8) -4(6) 
C6CA 22(10) 26(11) 13(11) 0(9) 2(8) -2(8) 
C3DA 11(9) 53(14) 3(11) -2(10) 7(8) -1(8) 
C2CA 36(11) 34(11) 27(12) 2(10) -8(9) 11(8) 
C6DA 16(10) 32(12) 38(14) -22(11) 13(9) -4(9) 
C3CA 15(9) 35(11) 32(12) 8(9) -8(8) -7(7) 
C3 25(10) 17(10) 24(11) 8(8) -9(9) 9(7) 
C4CA 14(10) 44(14) 31(14) 2(10) 13(9) 6(9) 
C7DA 21(10) 32(11) 45(14) -2(10) 4(9) -15(8) 
C9CA 31(11) 48(13) 0(12) -9(10) -1(9) -7(10) 
C0DA 19(10) 16(11) 33(13) 13(10) 0(9) 5(8) 
C8CA 10(10) 52(14) 42(15) -42(13) -6(10) 7(8) 
C2DA 22(10) 37(13) 14(12) -1(9) -4(9) 3(8) 
A60
C2 34(11) 33(12) 44(14) -11(10) -7(10) -10(9) 
C1DA 34(11) 26(11) 23(13) 2(9) -16(10) -4(9) 
C4 27(11) 46(12) 39(13) -20(10) -16(9) 3(8) 
C4DA 35(11) 21(11) 69(16) -7(10) -2(11) -5(8) 
C1 51(13) 43(13) 51(15) -10(11) 12(11) 20(10) 
C8DA 26(10) 19(11) 45(15) 1(11) 4(10) -8(8) 
C5DA 30(11) 25(11) 42(15) 9(11) 4(11) 13(8) 
C9DA 32(11) 28(11) 54(15) 8(10) 6(10) -2(8) 
C5 51(12) 13(10) 53(15) -12(10) 21(11) 1(8) 


















Table I.2.3.4 Bond Lengths for AB58115_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cd1 Br10 2.602(2)   C1O N8AA 1.444(19) 
Cd1 Br16 2.547(2)   C1P C33 1.40(2) 
Cd1 Br24 2.568(2)   C1Q C5DA 1.37(2) 
Cd1 Br34 2.669(2)   C1R C2F 1.53(2) 
Cd2 Br12 2.6019(19)   C1R C3G 1.54(2) 
Cd2 Br21 2.567(2)   C1R C47 1.60(2) 
Cd2 Br23 2.545(2)   C1R C48 1.54(2) 
Cd2 Br40 2.669(2)   C1T C3P 1.37(2) 
Cd3 Br8 2.602(2)   C1U C2B 1.40(2) 
Cd3 Br19 2.545(2)   C1U C4A 1.44(2) 
Cd3 Br20 2.568(2)   C1V C23 1.37(2) 
Cd3 Br39 2.671(2)   C1V C3K 1.38(2) 
Cd4 Br11 2.6008(19)   C1W C1Y 1.50(2) 
Cd4 Br17 2.547(2)   C1W C2P 1.39(2) 
Cd4 Br18 2.565(2)   C1W C32 1.36(2) 
Cd4 Br36 2.669(2)   C1X C2B 1.52(2) 
Cd5 Br13 2.6197(19)   C1X C2L 1.37(2) 
Cd5 Br29 2.6194(19)   C1X C4L 1.41(2) 
Cd5 Br30 2.615(2)   C1Y C3A 1.44(2) 
Cd5 Br35 2.568(2)   C1Y C41 1.38(2) 
Cd6 Br14 2.621(2)   C1Z C35 1.38(2) 
Cd6 Br28 2.614(2)   C20 C3D 1.57(2) 
Cd6 Br32 2.6150(19)   C20 C3M 1.54(2) 
Cd6 Br37 2.564(2)   C20 C4A 1.53(2) 
Cd7 Br15 2.6216(19)   C20 C2 1.53(2) 
Cd7 Br26 2.611(2)   C21 C2Z 1.56(2) 
Cd7 Br27 2.6163(19)   C22 C26 1.41(2) 
Cd7 Br33 2.569(2)   C23 C4A 1.42(2) 
Cd9 Br22 2.6212(19)   C24 C29 1.53(2) 
Cd9 Br25 2.610(2)   C24 C2X 1.57(2) 
Cd9 Br31 2.6203(19)   C24 C2BA 1.52(2) 
Cd9 Br38 2.568(2)   C26 C3E 1.41(2) 
C C2M 1.42(2)   C27 C2G 1.38(2) 
C C2T 1.33(2)   C27 C9CA 1.37(2) 
C4AA C1S 1.41(2)   C28 C2A 1.54(2) 
C4AA C3W 1.41(2)   C2A C2J 1.57(2) 
N7AA C3AA 1.483(19)   C2A C37 1.50(2) 
C3AA C1Z 1.39(2)   C2A C4I 1.49(2) 
C3AA C3G 1.39(2)   C2B C3K 1.36(2) 
C6AA C16 1.38(2)   C2C C3X 1.53(2) 
A62
C6AA C46 1.41(2)   C2D C2S 1.54(2) 
C6 C36 1.41(2)   C2D C3Z 1.56(2) 
C6 C39 1.32(2)   C2D C44 1.54(2) 
C7 C22 1.55(2)   C2E N3AA 1.52(2) 
C7 C3O 1.51(2)   C2E C3L 1.39(2) 
C7 C4D 1.59(2)   C2H C3X 1.53(2) 
C7 C3 1.52(2)   C2J C1DA 1.37(2) 
C8 C1K 1.55(2)   C2M C33 1.37(2) 
C8 C45 1.539(19)   C2M C0DA 1.49(2) 
C8 C4H 1.50(2)   C2N C4G 1.51(2) 
C8 C7DA 1.57(2)   C2O C4G 1.55(2) 
C9 C1C 1.39(2)   C2Q C2Y 1.41(2) 
C9 C1E 1.37(2)   C2Q N11 1.49(2) 
C9 N4AA 1.476(19)   C2Q C4CA 1.38(2) 
C10 C2Y 1.39(2)   C2V C46 1.39(2) 
C10 C4O 1.41(2)   C2W C3X 1.55(2) 
N C23 1.474(19)   C2W C6DA 1.37(2) 
N5AA C2AA 1.42(2)   C2W C9CA 1.40(2) 
C2AA C1S 1.38(2)   C2Y C43 1.48(2) 
C2AA C2J 1.45(2)   C2Z C3H 1.54(2) 
C13 C1C 1.57(2)   C2Z C4DA 1.51(2) 
C13 C25 1.52(2)   C31 C3V 1.38(2) 
C13 C3C 1.53(2)   C31 N9 1.51(2) 
C13 C3N 1.62(2)   C34 C4G 1.53(2) 
C14 C16 1.36(2)   C35 C38 1.38(2) 
C14 C19 1.43(2)   C36 C4F 1.41(2) 
C14 N6AA 1.44(2)   C36 C1BA 1.48(2) 
C15 C1K 1.38(2)   C38 C3J 1.40(2) 
C15 C39 1.37(2)   C38 C4B 1.54(2) 
C15 N0AA 1.46(2)   C3B C43 1.55(2) 
C18 C19 1.56(2)   C3E C5DA 1.39(2) 
C18 C2CA 1.49(2)   C3F C43 1.55(2) 
C18 C3CA 1.57(2)   C3G C3J 1.39(2) 
C18 C0EA 1.51(2)   C3L C4M 1.41(2) 
C19 C2V 1.38(2)   C3P N2AA 1.47(2) 
C1A C2G 1.36(2)   C3Q C4O 1.39(2) 
C1A C3E 1.51(2)   C3Q C4CA 1.40(2) 
C1A C6DA 1.42(2)   C3T N16 1.48(2) 
C1B C2D 1.54(2)   C3V C41 1.38(2) 
C1B C31 1.36(2)   C3W C1AA 1.47(2) 
C1B C3A 1.41(2)   C3W C1DA 1.41(2) 
C1C C2P 1.39(2)   C40 C43 1.54(2) 
A63
C1D C24 1.58(2)   C46 C4O 1.47(2) 
C1D C3T 1.36(2)   C4B C4P 1.40(2) 
C1D C4L 1.40(2)   C4M C0DA 1.37(2) 
C1E C32 1.42(2)   N12 C9CA 1.488(19) 
C1F C1N 1.38(2)   C4BA C5BA 1.48(2) 
C1F C0DA 1.40(2)   C4BA C7BA 1.42(2) 
C1G C2L 1.36(2)   C4BA C2DA 1.40(2) 
C1G C3T 1.40(2)   C5BA C1CA 1.56(2) 
C1H C1P 1.54(2)   C5BA C9BA 1.52(2) 
C1H C2I 1.55(2)   C5BA C9DA 1.55(2) 
C1H C2R 1.53(2)   C7BA N8BA 1.491(19) 
C1H C2U 1.51(2)   C7BA C7CA 1.40(2) 
C1I C1P 1.44(2)   C6BA C0CA 1.41(2) 
C1I C2T 1.39(2)   C6BA C6CA 1.56(2) 
C1I N1AA 1.434(19)   C6BA C3DA 1.42(2) 
C1J C3P 1.40(2)   C0CA C1AA 1.38(2) 
C1J C4G 1.57(2)   C1BA C2DA 1.39(2) 
C1J C4P 1.36(2)   C1BA C8DA 1.38(2) 
C1K C4F 1.40(2)   C1AA C8CA 1.38(2) 
C1L C1T 1.41(2)   C7CA C8DA 1.42(2) 
C1L C4B 1.38(2)   C5CA C3DA 1.38(2) 
C1M C3X 1.52(2)   C5CA C8CA 1.38(2) 
C1N C2E 1.41(2)   N2DA C3DA 1.53(2) 
C1N C2Z 1.53(2)   C6CA C4 1.55(2) 
C1O C1Q 1.40(2)   C6CA C1 1.58(2) 










Table I.2.3.5 Bond Angles for AB58115_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
Br10 Cd1 Br34 102.90(6)   C4A C23 N 121.2(14) 
Br16 Cd1 Br10 114.85(7)   C29 C24 C1D 110.6(13) 
Br16 Cd1 Br24 120.66(7)   C29 C24 C2X 107.2(14) 
Br16 Cd1 Br34 102.06(7)   C2X C24 C1D 109.6(12) 
Br24 Cd1 Br10 108.94(7)   C2BA C24 C1D 109.1(14) 
Br24 Cd1 Br34 105.06(7)   C2BA C24 C29 108.6(13) 
Br12 Cd2 Br40 102.93(6)   C2BA C24 C2X 111.8(13) 
Br21 Cd2 Br12 108.95(7)   C3E C26 C22 125.0(15) 
Br21 Cd2 Br40 105.09(7)   C9CA C27 C2G 118.5(16) 
Br23 Cd2 Br12 114.94(7)   C28 C2A C2J 111.1(14) 
Br23 Cd2 Br21 120.56(7)   C37 C2A C28 108.0(14) 
Br23 Cd2 Br40 102.01(7)   C37 C2A C2J 109.1(12) 
Br8 Cd3 Br39 102.89(6)   C4I C2A C28 105.9(13) 
Br19 Cd3 Br8 114.98(7)   C4I C2A C2J 110.6(13) 
Br19 Cd3 Br20 120.72(7)   C4I C2A C37 112.0(14) 
Br19 Cd3 Br39 101.90(7)   C1U C2B C1X 119.7(16) 
Br20 Cd3 Br8 108.93(6)   C3K C2B C1U 117.8(15) 
Br20 Cd3 Br39 105.00(7)   C3K C2B C1X 122.5(14) 
Br11 Cd4 Br36 102.94(6)   C1B C2D C2S 112.0(14) 
Br17 Cd4 Br11 114.90(7)   C1B C2D C3Z 110.7(12) 
Br17 Cd4 Br18 120.66(7)   C1B C2D C44 111.2(12) 
Br17 Cd4 Br36 102.00(7)   C2S C2D C3Z 104.2(12) 
Br18 Cd4 Br11 108.93(7)   C2S C2D C44 107.7(12) 
Br18 Cd4 Br36 105.03(7)   C44 C2D C3Z 110.7(13) 
Br29 Cd5 Br13 112.89(6)   C1N C2E N3AA 122.2(15) 
Br30 Cd5 Br13 111.62(7)   C3L C2E C1N 125.0(16) 
Br30 Cd5 Br29 100.84(6)   C3L C2E N3AA 112.7(14) 
Br35 Cd5 Br13 109.48(7)   C1A C2G C27 120.5(15) 
Br35 Cd5 Br29 106.24(7)   C2AA C2J C2A 124.5(15) 
Br35 Cd5 Br30 115.49(7)   C1DA C2J C2AA 116.1(15) 
Br28 Cd6 Br14 111.50(7)   C1DA C2J C2A 119.3(15) 
Br28 Cd6 Br32 100.95(6)   C1G C2L C1X 121.1(14) 
Br32 Cd6 Br14 112.79(6)   C C2M C0DA 120.8(15) 
Br37 Cd6 Br14 109.51(7)   C33 C2M C 117.0(15) 
Br37 Cd6 Br28 115.50(7)   C33 C2M C0DA 122.2(15) 
Br37 Cd6 Br32 106.30(7)   C1W C2P C1C 123.5(15) 
Br26 Cd7 Br15 111.40(7)   C2Y C2Q N11 120.0(14) 
Br26 Cd7 Br27 100.93(6)   C4CA C2Q C2Y 124.0(16) 
Br27 Cd7 Br15 112.83(6)   C4CA C2Q N11 115.9(15) 
Br33 Cd7 Br15 109.50(7)   C C2T C1I 122.0(15) 
A65
Br33 Cd7 Br26 115.64(7)   C19 C2V C46 125.6(17) 
Br33 Cd7 Br27 106.26(6)   C6DA C2W C3X 121.6(16) 
Br25 Cd9 Br22 111.36(7)   C6DA C2W C9CA 111.8(15) 
Br25 Cd9 Br31 100.83(6)   C9CA C2W C3X 126.5(15) 
Br31 Cd9 Br22 112.85(6)   C10 C2Y C2Q 113.9(14) 
Br38 Cd9 Br22 109.69(7)   C10 C2Y C43 120.9(16) 
Br38 Cd9 Br25 115.61(7)   C2Q C2Y C43 125.2(16) 
Br38 Cd9 Br31 106.19(6)   C1N C2Z C21 111.0(14) 
C2T C C2M 120.8(15)   C1N C2Z C3H 109.7(12) 
C3W C4AA C1S 118.7(15)   C3H C2Z C21 102.4(13) 
C1Z C3AA N7AA 115.1(16)   C4DA C2Z C1N 111.7(13) 
C1Z C3AA C3G 121.4(16)   C4DA C2Z C21 108.7(13) 
C3G C3AA N7AA 123.3(16)   C4DA C2Z C3H 112.9(14) 
C16 C6AA C46 120.7(14)   C1B C31 C3V 125.2(17) 
C39 C6 C36 121.7(15)   C1B C31 N9 123.2(15) 
C22 C7 C4D 108.9(13)   C3V C31 N9 111.5(16) 
C3O C7 C22 111.7(12)   C1W C32 C1E 119.5(15) 
C3O C7 C4D 105.5(14)   C2M C33 C1P 124.2(16) 
C3O C7 C3 111.4(13)   C38 C35 C1Z 119.2(15) 
C3 C7 C22 112.1(13)   C6 C36 C1BA 122.5(15) 
C3 C7 C4D 107.0(12)   C4F C36 C6 114.6(16) 
C1K C8 C7DA 111.6(13)   C4F C36 C1BA 122.8(17) 
C45 C8 C1K 109.7(12)   C35 C38 C3J 119.6(16) 
C45 C8 C7DA 109.0(12)   C35 C38 C4B 118.0(15) 
C4H C8 C1K 111.9(13)   C3J C38 C4B 122.4(16) 
C4H C8 C45 109.1(13)   C6 C39 C15 121.8(16) 
C4H C8 C7DA 105.4(13)   C1B C3A C1Y 122.3(15) 
C1C C9 N4AA 125.2(13)   C26 C3E C1A 122.5(15) 
C1E C9 C1C 121.2(15)   C5DA C3E C1A 121.1(15) 
C1E C9 N4AA 113.6(14)   C5DA C3E C26 116.4(16) 
C2Y C10 C4O 125.5(15)   C3AA C3G C1R 122.3(17) 
N5AA C2AA C2J 121.3(15)   C3J C3G C3AA 116.8(14) 
C1S C2AA N5AA 117.8(15)   C3J C3G C1R 120.9(15) 
C1S C2AA C2J 120.9(17)   C3G C3J C38 122.3(16) 
C1C C13 C3N 107.6(13)   C2B C3K C1V 121.0(14) 
C25 C13 C1C 110.4(12)   C2E C3L C4M 116.0(15) 
C25 C13 C3C 111.9(13)   C1J C3P N2AA 122.1(15) 
C25 C13 C3N 105.8(12)   C1T C3P C1J 123.5(16) 
C3C C13 C1C 112.7(13)   C1T C3P N2AA 114.4(15) 
C3C C13 C3N 108.1(12)   C4O C3Q C4CA 121.6(15) 
C16 C14 C19 120.2(17)   C1D C3T C1G 123.8(16) 
C16 C14 N6AA 120.2(17)   C1D C3T N16 122.5(15) 
A66
C19 C14 N6AA 119.6(15)   C1G C3T N16 113.7(15) 
C1K C15 N0AA 122.5(15)   C41 C3V C31 118.7(17) 
C39 C15 C1K 121.7(16)   C4AA C3W C1AA 119.6(16) 
C39 C15 N0AA 115.7(16)   C4AA C3W C1DA 118.5(15) 
C14 C16 C6AA 121.6(18)   C1DA C3W C1AA 121.9(17) 
C19 C18 C3CA 111.8(13)   C1M C3X C2C 112.5(13) 
C2CA C18 C19 113.1(13)   C1M C3X C2H 106.7(14) 
C2CA C18 C3CA 104.6(13)   C1M C3X C2W 110.2(12) 
C2CA C18 C0EA 110.4(14)   C2C C3X C2H 105.8(12) 
C0EA C18 C19 109.1(12)   C2C C3X C2W 110.2(14) 
C0EA C18 C3CA 107.6(13)   C2H C3X C2W 111.5(13) 
C14 C19 C18 126.9(16)   C3V C41 C1Y 121.2(15) 
C2V C19 C14 116.0(15)   C2Y C43 C3B 112.8(14) 
C2V C19 C18 117.1(16)   C2Y C43 C3F 112.3(13) 
C2G C1A C3E 121.3(14)   C2Y C43 C40 110.4(13) 
C2G C1A C6DA 117.5(14)   C3B C43 C3F 107.0(13) 
C6DA C1A C3E 121.2(16)   C40 C43 C3B 104.0(12) 
C31 C1B C2D 125.5(16)   C40 C43 C3F 110.1(13) 
C31 C1B C3A 115.2(15)   C6AA C46 C4O 117.9(14) 
C3A C1B C2D 119.3(15)   C2V C46 C6AA 115.7(15) 
C9 C1C C13 120.5(15)   C2V C46 C4O 126.3(16) 
C2P C1C C9 116.5(14)   C1U C4A C20 121.9(15) 
C2P C1C C13 122.9(14)   C23 C4A C1U 113.5(14) 
C3T C1D C24 125.8(15)   C23 C4A C20 124.3(15) 
C3T C1D C4L 115.1(14)   C1L C4B C38 119.5(15) 
C4L C1D C24 119.0(16)   C1L C4B C4P 118.2(16) 
C9 C1E C32 120.3(15)   C4P C4B C38 122.3(16) 
C1N C1F C0DA 124.0(15)   C1K C4F C36 124.6(18) 
C2L C1G C3T 119.2(15)   C2N C4G C1J 110.6(13) 
C1P C1H C2I 108.7(13)   C2N C4G C2O 108.5(13) 
C2R C1H C1P 109.6(14)   C2N C4G C34 106.8(13) 
C2R C1H C2I 107.4(13)   C2O C4G C1J 109.3(12) 
C2U C1H C1P 114.2(14)   C34 C4G C1J 110.6(13) 
C2U C1H C2I 109.9(13)   C34 C4G C2O 111.0(13) 
C2U C1H C2R 106.9(14)   C1D C4L C1X 122.9(16) 
C2T C1I C1P 119.6(16)   C0DA C4M C3L 122.2(16) 
C2T C1I N1AA 116.1(14)   C10 C4O C46 123.4(15) 
N1AA C1I C1P 124.3(14)   C3Q C4O C10 116.3(15) 
C3P C1J C4G 124.2(15)   C3Q C4O C46 120.3(15) 
C4P C1J C3P 115.5(14)   C1J C4P C4B 124.4(16) 
C4P C1J C4G 120.2(15)   C7BA C4BA C5BA 123.0(16) 
C15 C1K C8 126.5(16)   C2DA C4BA C5BA 122.8(16) 
A67
C15 C1K C4F 115.3(15)   C2DA C4BA C7BA 114.2(14) 
C4F C1K C8 118.1(16)   C4BA C5BA C1CA 111.9(13) 
C4B C1L C1T 119.5(15)   C4BA C5BA C9BA 111.9(14) 
C1F C1N C2E 114.6(14)   C4BA C5BA C9DA 111.3(12) 
C1F C1N C2Z 121.5(14)   C9BA C5BA C1CA 107.4(13) 
C2E C1N C2Z 123.9(16)   C9BA C5BA C9DA 103.0(13) 
C1Q C1O C22 121.4(15)   C9DA C5BA C1CA 110.9(14) 
C1Q C1O N8AA 116.4(15)   C4BA C7BA N8BA 124.6(14) 
C22 C1O N8AA 122.2(15)   C7CA C7BA C4BA 123.4(15) 
C1I C1P C1H 122.6(16)   C7CA C7BA N8BA 111.9(15) 
C33 C1P C1H 121.7(15)   C0CA C6BA C6CA 121.6(13) 
C33 C1P C1I 115.7(14)   C0CA C6BA C3DA 116.3(15) 
C5DA C1Q C1O 120.5(15)   C3DA C6BA C6CA 122.1(16) 
C2F C1R C3G 109.8(12)   C1AA C0CA C6BA 123.0(15) 
C2F C1R C47 103.9(12)   C2DA C1BA C36 120.0(16) 
C2F C1R C48 111.2(13)   C8DA C1BA C36 121.6(15) 
C3G C1R C47 110.3(13)   C8DA C1BA C2DA 118.4(16) 
C3G C1R C48 114.7(12)   C0CA C1AA C3W 120.6(15) 
C48 C1R C47 106.2(11)   C8CA C1AA C3W 122.7(16) 
C2AA C1S C4AA 121.4(16)   C8CA C1AA C0CA 116.7(16) 
C3P C1T C1L 118.8(16)   C7BA C7CA C8DA 118.1(16) 
C2B C1U C4A 124.2(16)   C8CA C5CA C3DA 117.1(16) 
C23 C1V C3K 121.3(16)   C6BA C6CA C1 108.7(13) 
C2P C1W C1Y 120.2(16)   C4 C6CA C6BA 111.0(12) 
C32 C1W C1Y 120.9(15)   C4 C6CA C1 102.5(12) 
C32 C1W C2P 118.9(16)   C5 C6CA C6BA 112.2(12) 
C2L C1X C2B 123.4(14)   C5 C6CA C4 113.0(13) 
C2L C1X C4L 117.9(14)   C5 C6CA C1 108.9(13) 
C4L C1X C2B 118.7(16)   C6BA C3DA N2DA 122.0(15) 
C3A C1Y C1W 118.8(15)   C5CA C3DA C6BA 122.4(15) 
C41 C1Y C1W 123.7(15)   C5CA C3DA N2DA 115.6(15) 
C41 C1Y C3A 117.3(15)   C2W C6DA C1A 125.9(16) 
C35 C1Z C3AA 120.8(16)   C2Q C4CA C3Q 118.5(17) 
C3M C20 C3D 106.1(12)   C27 C9CA C2W 125.6(15) 
C4A C20 C3D 111.9(13)   C27 C9CA N12 114.3(15) 
C4A C20 C3M 110.0(13)   C2W C9CA N12 119.9(15) 
C2 C20 C3D 111.1(13)   C1F C0DA C2M 121.3(15) 
C2 C20 C3M 105.7(13)   C4M C0DA C1F 118.2(16) 
C2 C20 C4A 111.7(12)   C4M C0DA C2M 120.6(15) 
C1O C22 C7 123.1(15)   C1AA C8CA C5CA 124.3(16) 
C26 C22 C7 121.8(15)   C1BA C2DA C4BA 124.9(16) 
C26 C22 C1O 114.8(15)   C2J C1DA C3W 124.2(15) 
A68
C1V C23 N 116.6(15)   C1BA C8DA C7CA 120.9(15) 
C1V C23 C4A 122.0(15)   C1Q C5DA C3E 121.7(15) 
  
Table I.2.3.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for AB58115_0m. 
Atom x y z U(eq) 
H 9712 9254 3336 27 
H4AD 5302 4311 3344 30 
H7AA 9390 -443 280 28 
H7AB 10019 -1070 432 28 
H7AC 10454 -269 308 28 
H6AA 9676 5712 8354 22 
H6 4669 9286 1664 33 
H10 9599 5155 8767 25 
HA -63 3933 4559 28 
HB -416 4743 4698 28 
HC 636 4500 4711 28 
H5AA 7343 2655 2706 29 
H5AB 7416 3601 2711 29 
H16 8887 5869 7942 33 
H1E 3704 4289 9545 29 
H1F 9595 9844 3763 25 
H1G 687 6763 3018 36 
H1L 9742 903 1608 32 
H1MA 2961 4559 3256 48 
H1MB 3501 4579 3543 48 
H1MC 2449 5027 3509 48 
H1Q 3640 718 4536 31 
H1S 6140 4129 2930 32 
H1T 9302 1784 1986 35 
H1U -352 5387 3733 31 
H1V 1326 5732 4539 25 
H1Z 8656 717 462 32 
H21A 10728 10933 3804 55 
H21B 10496 11761 3995 55 
H21C 9623 11156 3885 55 
H4AA 4910 6091 9567 32 
H4AB 5484 5352 9684 32 
H4AC 4410 5391 9726 32 
H25A 5262 6788 8931 42 
A69
H25B 6197 7168 9087 42 
H25C 5276 6817 9255 42 
H26 5411 390 3742 27 
H27 4275 1733 3013 33 
H28A 7366 1221 2930 55 
H28B 8402 781 2995 55 
H28C 8353 1713 2845 55 
H29A 2298 8792 3935 51 
H29B 3323 9234 3859 51 
H29C 3236 8185 3883 51 
H2CA 1013 4034 3387 46 
H2CB 1092 3000 3448 46 
H2CC 1581 3402 3181 46 
H2FA 10213 -1762 1067 57 
H2FB 11184 -2154 933 57 
H2FC 10298 -1836 745 57 
H2G 4772 913 3390 33 
H2HA 2670 3857 3935 36 
H2HB 1783 3189 3883 36 
H2HC 1621 4227 3847 36 
H2IA 5888 7450 3486 41 
H2IB 5422 6773 3273 41 
H2IC 5815 7710 3173 41 
H2L 249 5914 3386 32 
H2NA 7694 3843 1066 48 
H2NB 6644 4224 1148 48 
H2NC 6798 3183 1115 48 
H2OA 6159 2933 1590 47 
H2OB 5952 3972 1592 47 
H2OC 6584 3534 1829 47 
H2P 5385 4603 8738 17 
H2RA 7810 5965 3474 57 
H2RB 6728 5596 3427 57 
H2RC 6918 6359 3645 57 
H2SA 2680 1110 8936 45 
H2SB 1607 796 8851 45 
H2SC 1829 1822 8896 45 
H2T 8818 9177 2950 24 
H3AB 11222 8750 4604 40 
H3AC 10238 8756 4730 40 
H3AD 10693 9597 4641 40 
H2UA 6693 6732 2840 46 
A70
H2UB 6562 5809 2992 46 
H2UC 7634 6185 2934 46 
H2V 8040 7682 8656 31 
H2XA 2059 9581 3251 47 
H2XB 2558 10050 3507 47 
H2XC 1504 9604 3536 47 
H32 3285 3404 9165 31 
H33 8107 7310 3667 32 
H34A 7978 4552 1743 49 
H34B 7422 5031 1499 49 
H34C 8477 4604 1450 49 
H35 8298 1620 832 31 
H37A 9563 1780 3258 44 
H37B 9123 2453 3476 44 
H37C 9131 2709 3161 44 
H39 3848 9127 2056 20 
H3AA 3168 2490 8880 22 
H3BA 9613 3867 8887 47 
H3BB 10463 3250 9003 47 
H3BC 10728 4057 8808 47 
H3CA 6596 5864 9497 51 
H3CB 7432 6125 9285 51 
H3CC 7136 5113 9325 51 
H3DA -2103 4889 4337 47 
H3DB -1620 4071 4491 47 
H3DC -2459 3907 4271 47 
H3FA 9850 4403 9598 48 
H3FB 10007 3448 9467 48 
H3FC 9087 4035 9380 48 
H3HA 11653 10186 4412 55 
H3HB 11690 11187 4310 55 
H3HC 11858 10397 4099 55 
H3J 10390 372 1263 23 
H3K 1724 6593 4170 27 
H3L 9885 7604 4410 28 
H3MA -2157 3875 3805 55 
H3MB -1181 4261 3671 55 
H3MC -1939 4911 3817 55 
H3NA 6947 5093 8800 62 
H3NB 7172 6128 8790 62 
H3NC 6179 5753 8663 62 
H3OA 5336 -1852 4260 59 
A71
H3OB 6190 -2171 4062 59 
H3OC 5199 -1778 3939 59 
H2AA 7930 3641 1976 45 
H2AB 8748 3201 2120 45 
H2AC 7761 2792 2118 45 
H3Q 9284 7705 8974 42 
H3V 4292 3218 8018 42 
H3ZA 3176 492 8281 47 
H3ZB 2361 -10 8454 47 
H3ZC 3354 306 8596 47 
H40A 11873 4499 9106 47 
H40B 11635 3851 9353 47 
H40C 11647 4896 9400 47 
H41 4719 4106 8384 38 
H44A 1121 2044 8420 62 
H44B 974 998 8406 62 
H44C 1576 1492 8173 62 
H45A 786 7655 1839 41 
H45B 432 6746 1707 41 
H45C 895 7501 1520 41 
H47A 11179 -726 1333 53 
H47B 11991 -123 1192 53 
H47C 12132 -1170 1204 53 
H48A 12454 -1086 733 45 
H48B 12095 -108 662 45 
H48C 11624 -935 509 45 
H4DA 6159 -755 3664 60 
H4DB 7139 -1161 3789 60 
H4DC 6949 -120 3802 60 
H4F 3043 7338 1337 40 
H4HA 2105 6383 1353 62 
H4HB 1625 5663 1548 62 
H4HC 2773 5858 1564 62 
H4IA 7200 917 3448 53 
H4IB 7986 1365 3645 53 
H4IC 8322 623 3434 53 
H4L 1837 7501 3871 36 
H4M 9189 7321 3978 40 
H4P 8139 2507 1131 34 
H6AB 7661 6459 7690 36 
H6AC 6831 6864 7822 36 
H16A 1247 8128 2870 45 
A72
H16B 2271 7807 2887 45 
H16C 1995 8655 3017 45 
H9A 3749 1859 7872 41 
H9B 2742 2222 7887 41 
H9C 2969 1356 8013 41 
H11A 11213 6226 9602 37 
H11B 10689 5374 9632 37 
H11C 10232 6203 9731 37 
H12A 3738 3160 2872 35 
H12B 2942 3621 3020 35 
H12C 2749 2760 2886 35 
H1AA 7699 7673 2705 28 
H1AB 6846 8089 2819 28 
H0AA 1842 8070 2180 30 
H0AB 2646 8615 2295 30 
H0AC 2725 7637 2294 30 
H8AA 5055 -1069 4554 31 
H8AB 4349 -506 4703 31 
H8AC 5402 -266 4697 31 
H1CA 4897 10626 398 57 
H1CB 4963 11571 542 57 
H1CC 4081 10917 612 57 
H0CA 5392 4835 3754 28 
H2BA 3905 7981 3440 50 
H2BB 4000 9016 3384 50 
H2BC 3407 8402 3177 50 
H8BA 5167 8820 271 34 
H8BB 6156 8671 386 34 
H8BC 5761 9581 365 34 
H9BA 4610 11159 1102 51 
H9BB 5511 11738 997 51 
H9BC 5700 10915 1193 51 
H7CA 4822 7639 582 28 
H5CA 5108 2586 4397 34 
H2DB 3780 3762 4607 43 
H2DC 4321 4605 4640 43 
H2DD 4767 3764 4733 43 
H2CD 7126 8638 8644 49 
H2CE 6629 9342 8446 49 
H2CF 7778 9153 8426 49 
H6DA 3131 2480 3863 35 
H3CD 7626 8808 7927 41 
A73
H3CE 6569 9209 7991 41 
H3CF 6664 8279 7840 41 
H3A 7124 -128 4320 33 
H3B 7436 -1131 4269 33 
H3C 6612 -903 4488 33 
H4CA 9833 7375 9412 36 
H7DA 2644 6249 2081 49 
H7DB 1649 5754 2005 49 
H7DC 1615 6683 2159 49 
H8CA 5823 2336 3978 41 
H2DA 4602 9826 1244 29 
H2A -353 3136 4255 56 
H2B -183 3238 3936 56 
H2C -1190 2842 4047 56 
H1DA 6924 2316 3659 33 
H4A 3122 5484 4103 56 
H4B 3322 6173 4343 56 
H4C 3323 5136 4404 56 
H4DD 9097 10918 4382 62 
H4DE 9979 11566 4457 62 
H4DF 9905 10618 4597 62 
H1A 5369 6125 3880 73 
H1B 4515 6752 3990 73 
H1C 4254 5916 3806 73 
H8DA 4229 7302 1021 36 
H5DA 3316 1617 4170 39 
H9DA 6876 10341 886 57 
H9DB 6691 11208 708 57 
H9DC 6637 10254 569 57 
H5A 5138 5617 4600 59 
H5B 5017 6568 4464 59 
H5C 5911 5946 4379 59 
H0EA 5788 7393 8149 70 
H0EB 5457 8267 8306 70 
H0EC 5925 7461 8470 70 
H1AC 11433 768 138 33 
H1AD 10867 256 -45 33 
H2AD 5794 4720 9861 41 
H2AE 6361 5110 10070 41 
H3D 1058 4872 4914 42 
H3E 1430 5188 5165 42 
H4D 3687 -66 4899 47 
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H4E 4185 -199 5148 47 
H5D 2096 1393 2631 56 
H5E 1504 2163 2633 56 
H1D 7233 2094 2516 66 
H1H 6460 1905 2332 66 
H2D 2730 7390 2744 60 
H2E 2466 6560 2633 60 
H0AD 1884 2854 7796 63 



















I.3 Crystal Data for Chapter 4 Compounds 
 
I.3.1. 2,6-dibromo-4-phenylaniline 
Table I.3.1.1 Crystal data and structure refinement for B22709. 
Identification code B22709 
Empirical formula C12H9Br2N 
Formula weight 327.02 
Temperature/K 100(2) 
Crystal system Monoclinic 












Crystal size/mm3 0.36 × 0.26 × 0.17 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.18 to 83.92 
Index ranges -28 ≤ h ≤ 28, -7 ≤ k ≤ 5, -34 ≤ l ≤ 35 
Reflections collected 24355 
Independent reflections 7493 [Rint = 0.0391, Rsigma =0.0439] 
Data/restraints/parameters 7493/0/136 
Goodness-of-fit on F2 1.016 
Final R indexes [I>=2σ (I)] R1 = 0.0296, wR2 = 0.0604 
Final R indexes [all data] R1 = 0.0534, wR2 = 0.0666 





Table I.3.1.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for B22709. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 6399.37(9) 11191.2(4) 996.52(7) 12.93(3) 
Br2 5683.74(9) 6996.5(4) 3732.62(7) 13.40(3) 
N1 6775.1(7) 10166(3) 2675.0(6) 12.79(19) 
C1 5917.1(8) 9161(3) 2332.2(7) 10.08(19) 
C2 5612.3(8) 9380(3) 1571.9(6) 10.19(19) 
C3 4758.2(8) 8337(3) 1219.0(7) 10.6(2) 
C4 4150.7(8) 7000(3) 1616.6(7) 10.21(19) 
C5 4439.9(8) 6664(3) 2373.2(7) 10.9(2) 
C6 5303.3(8) 7681(3) 2710.9(6) 10.15(19) 
C7 3227.3(8) 5989(3) 1246.0(7) 10.32(19) 
C8 3077.9(8) 4440(4) 557.4(7) 12.0(2) 
C9 2210.1(9) 3536(4) 201.6(7) 14.1(2) 
C10 1476.8(9) 4161(4) 526.0(7) 14.6(2) 
C11 1616.8(9) 5688(4) 1211.7(7) 14.3(2) 
C12 2482.8(8) 6599(4) 1567.2(7) 12.3(2) 
  
Table I.3.1.3 Anisotropic Displacement Parameters (Å2×103) for B22709. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 12.82(5) 14.96(6) 11.97(5) -0.28(4) 4.76(4) -3.16(4) 




N1 8.2(4) 17.8(6) 11.5(4) -0.2(4) 0.0(3) -1.3(4) 
C1 8.9(4) 9.8(5) 11.2(4) -0.5(4) 1.3(3) 1.1(4) 
C2 10.0(4) 11.1(5) 9.9(4) 0.4(4) 3.0(3) 0.1(4) 
C3 10.1(4) 11.7(6) 10.0(4) -0.2(4) 1.8(3) -1.1(4) 
C4 9.6(4) 10.5(5) 9.9(4) -0.4(4) 0.6(3) -0.8(4) 
C5 10.9(4) 11.7(6) 9.6(4) 0.3(4) 1.2(3) -0.9(4) 
C6 10.0(4) 10.7(5) 9.1(4) 0.3(4) 0.5(3) 1.0(4) 
C7 9.7(4) 10.1(5) 10.6(4) 0.6(4) 0.6(3) -0.8(4) 
C8 11.1(4) 14.0(6) 10.5(4) -0.9(4) 1.1(4) -0.2(4) 
C9 13.9(5) 15.2(6) 11.6(5) -1.4(4) -0.7(4) -1.6(4) 
C10 10.9(5) 16.8(6) 14.8(5) 0.7(4) -0.5(4) -2.4(4) 
C11 10.7(4) 16.7(6) 15.3(5) 0.5(4) 2.5(4) -0.9(4) 
C12 10.5(4) 14.4(6) 12.1(5) -0.9(4) 2.5(4) -0.8(4) 
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Table I.3.1.4 Bond Lengths for B22709. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C2 1.8935(12)   C4 C7 1.4767(17) 
Br2 C6 1.8939(12)   C5 C6 1.3842(17) 
N1 C1 1.3786(16)   C7 C12 1.3962(18) 
C1 C6 1.4002(18)   C7 C8 1.3977(18) 
C1 C2 1.4011(17)   C8 C9 1.3870(18) 
C2 C3 1.3833(17)   C9 C10 1.386(2) 
C3 C4 1.3933(18)   C10 C11 1.389(2) 
C4 C5 1.3957(17)   C11 C12 1.3853(18) 
  
Table I.3.1.5 Bond Angles for B22709. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N1 C1 C6 122.63(11)   C5 C6 C1 123.18(11) 
N1 C1 C2 122.34(11)   C5 C6 Br2 118.72(9) 
C6 C1 C2 114.96(11)   C1 C6 Br2 118.09(9) 
C3 C2 C1 123.00(11)   C12 C7 C8 118.42(11) 
C3 C2 Br1 118.15(9)   C12 C7 C4 121.08(11) 
C1 C2 Br1 118.85(9)   C8 C7 C4 120.50(11) 
C2 C3 C4 120.50(11)   C9 C8 C7 120.74(12) 
C3 C4 C5 118.04(11)   C10 C9 C8 120.25(12) 
C3 C4 C7 120.77(11)   C9 C10 C11 119.57(12) 
C5 C4 C7 121.19(11)   C12 C11 C10 120.25(12) 
C6 C5 C4 120.24(12)   C11 C12 C7 120.76(12) 
  
Table I.3.1.6 Hydrogen Bonds for B22709. 
D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 
N1 H1A Br2 0.88 2.64 3.0779(12) 111.5 
N1 H1A Br11 0.88 3.03 3.6572(11) 129.9 
N1 H1B N12 0.88 2.32 3.1066(17) 148.8 






Table I.3.1.7 Torsion Angles for B22709. 
A B C D Angle/˚   A B C D Angle/˚ 
N1 C1 C2 C3 179.05(13)   N1 C1 C6 Br2 -0.84(17) 
C6 C1 C2 C3 2.30(19)   C2 C1 C6 Br2 175.89(9) 
N1 C1 C2 Br1 -1.08(18)   C3 C4 C7 C12 
-
141.03(14) 
C6 C1 C2 Br1 -177.83(9)   C5 C4 C7 C12 38.7(2) 
C1 C2 C3 C4 0.2(2)   C3 C4 C7 C8 38.0(2) 
Br1 C2 C3 C4 
-
179.70(10) 
  C5 C4 C7 C8 
-
142.33(14) 
C2 C3 C4 C5 -1.8(2)   C12 C7 C8 C9 0.1(2) 
C2 C3 C4 C7 177.94(13)   C4 C7 C8 C9 
-
178.93(13) 
C3 C4 C5 C6 0.8(2)   C7 C8 C9 C10 0.0(2) 
C7 C4 C5 C6 
-
178.91(12) 
  C8 C9 C10 C11 -0.3(2) 
C4 C5 C6 C1 1.9(2)   C9 C10 C11 C12 0.4(2) 
C4 C5 C6 Br2 
-
177.34(10) 
  C10 C11 C12 C7 -0.3(2) 
N1 C1 C6 C5 179.95(13)   C8 C7 C12 C11 0.1(2) 
C2 C1 C6 C5 -3.32(19)   C4 C7 C12 C11 179.06(13) 
  
Table I.3.1.8 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for B22709. 
Atom x y z U(eq) 
H1A 6956 9886 3151 15 
H1B 7142 11088 2418 15 
H3 4585 8534 702 13 
H5 4043 5733 2657 13 
H8 3576 4002 330 14 
H9 2118 2484 -266 17 
H10 882 3550 281 18 
H11 1117 6108 1438 17 







Table I.3.2.1 Crystal data and structure refinement for B18209. 
Identification code B18209 
Empirical formula C6H4Br1.39N 
Formula weight 201.18 
Temperature/K 100(2) 
Crystal system Monoclinic 












Crystal size/mm3 0.24 × 0.23 × 0.11 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.3 to 59.98 
Index ranges -11 ≤ h ≤ 11, -5 ≤ k ≤ 5, -26 ≤ l ≤ 26 
Reflections collected 6474 
Independent reflections 1842 [Rint = 0.0299, Rsigma = 0.0323] 
Data/restraints/parameters 1842/0/82 
Goodness-of-fit on F2 1.087 
Final R indexes [I>=2σ (I)] R1 = 0.0312, wR2 = 0.0747 
Final R indexes [all data] R1 = 0.0404, wR2 = 0.0785 







Table I.3.2.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for B18209. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 4024.6(4) 10832.5(8) 7022.81(17) 19.28(10) 
Br2 10097.9(5) 9194.7(12) 5948.5(2) 27.96(13) 
C1 6993(3) 9879(6) 6398.2(12) 15.7(5) 
C2 7868(3) 8486(6) 5881.4(13) 16.3(5) 
C3 7131(3) 6617(6) 5341.5(13) 16.0(5) 
C4 5414(3) 5989(5) 5290.2(12) 13.3(4) 
C5 4519(3) 7281(6) 5814.1(12) 16.4(5) 
C6 5286(3) 9159(6) 6344.5(12) 15.8(4) 
N1 7772(3) 11658(5) 6943.0(11) 19.3(4) 
  
 
Table I.3.2.3 Anisotropic Displacement Parameters (Å2×103) for B18209. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 18.08(15) 23.36(18) 16.63(16) -4.74(13) 2.94(11) 1.56(12) 
Br2 16.61(19) 38.0(3) 29.5(2) -10.56(19) 3.78(16) -4.42(17) 
C1 20.7(11) 11.9(10) 13.6(11) 1.9(9) -2.1(8) 0.3(9) 
C2 14.9(10) 16.2(11) 17.5(11) 1.2(9) 0.7(8) -1.9(8) 
C3 18.1(10) 17.1(12) 12.8(10) -0.6(9) 0.9(8) 0.2(9) 
C4 15.9(10) 10.9(10) 12.7(10) 1.9(8) -0.8(8) 0.5(8) 
C5 15.3(10) 16.6(12) 16.7(11) -0.9(9) -0.7(8) 2.3(9) 
C6 18.6(10) 15.2(11) 13.9(11) 0.6(9) 2.6(8) 3.5(9) 
N1 22.1(10) 19.6(11) 15.5(10) -2.5(8) -1.4(8) -1.9(8) 
  
Table I.3.2.4 Bond Lengths for B18209. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C6 1.859(2)   C2 C3 1.379(3) 
Br2 C2 1.814(2)   C3 C4 1.402(3) 
C1 N1 1.377(3)   C4 C5 1.397(3) 
C1 C2 1.394(3)   C4 C41 1.485(4) 
C1 C6 1.402(3)   C5 C6 1.377(3) 
11-X,1-Y,1-Z 
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 Table I.3.2.5 Bond Angles for B18209. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N1 C1 C2 122.2(2)   C5 C4 C3 117.0(2) 
N1 C1 C6 122.8(2)   C5 C4 C41 121.4(3) 
C2 C1 C6 114.8(2)   C3 C4 C41 121.6(3) 
C3 C2 C1 123.6(2)   C6 C5 C4 121.3(2) 
C3 C2 Br2 119.73(18)   C5 C6 C1 122.8(2) 
C1 C2 Br2 116.69(18)   C5 C6 Br1 119.23(18) 
C2 C3 C4 120.5(2)   C1 C6 Br1 117.95(18) 
11-X,1-Y,1-Z 
  
Table I.3.2.6 Hydrogen Bonds for B18209. 
D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 
N1 H1A Br2 0.88 2.55 2.978(2) 110.5 
N1 H1A Br11 0.88 2.93 3.549(2) 129.1 
N1 H1B N11 0.88 2.31 3.045(3) 141.5 
N1 H1B Br1 0.88 2.64 3.059(2) 110.6 
13/2-X,1/2+Y,3/2-Z 
  
Table I.3.2.7 Torsion Angles for B18209. 
A B C D Angle/˚   A B C D Angle/˚ 
N1 C1 C2 C3 178.1(2)   C3 C4 C5 C6 1.8(3) 
C6 C1 C2 C3 1.9(4)   C41 C4 C5 C6 -178.9(3) 
N1 C1 C2 Br2 -1.2(3)   C4 C5 C6 C1 -0.4(4) 
C6 C1 C2 Br2 
-
177.36(17) 
  C4 C5 C6 Br1 179.56(18) 
C1 C2 C3 C4 -0.6(4)   N1 C1 C6 C5 -177.5(2) 
Br2 C2 C3 C4 178.66(18)   C2 C1 C6 C5 -1.4(3) 
C2 C3 C4 C5 -1.3(3)   N1 C1 C6 Br1 2.5(3) 





Table I.3.2.8 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for B18209. 
Atom x y z U(eq) 
H3 7791 5747 5002 19 
H5 3360 6855 5804 20 
H1A 8858 11947 6973 23 
H1B 7183 12505 7261 23 
  
Table I.3.2.9 Atomic Occupancy for B18209. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 


















Table I.3.3.1 Crystal data and structure refinement for B17509. 
Identification code B17509 
Empirical formula C18H12Br4N2 
Formula weight 575.94 
Temperature/K 100(2) 
Crystal system Monoclinic 












Crystal size/mm3 0.37 × 0.16 × 0.10 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.5 to 71.72 
Index ranges -13 ≤ h ≤ 11, -7 ≤ k ≤ 6, -38 ≤ l ≤ 38 
Reflections collected 14783 
Independent reflections 3951 [Rint = 0.0378, Rsigma = 0.0452] 
Data/restraints/parameters 3951/0/109 
Goodness-of-fit on F2 1.116 
Final R indexes [I>=2σ (I)] R1 = 0.0405, wR2 = 0.0996 
Final R indexes [all data] R1 = 0.0597, wR2 = 0.1055 







Table I.3.3.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for B17509. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 4162.3(4) 1140.1(7) 2774.43(12) 16.97(8) 
Br2 10637.6(4) 2266.4(8) 3850.44(16) 24.37(9) 
N1 7908(3) 120(6) 2950(1) 14.9(4) 
C1 7350(3) 2014(6) 3347.4(11) 11.9(5) 
C2 8388(3) 3344(6) 3777.1(12) 13.4(5) 
C3 7848(3) 5335(7) 4165.4(12) 14.4(5) 
C4 6199(3) 6123(6) 4144.1(11) 12.1(4) 
C5 5125(3) 4840(6) 3713.0(11) 12.7(5) 
C6 5699(3) 2856(6) 3333.5(11) 12.0(5) 
C7 5580(3) 8125(6) 4575.4(11) 11.4(4) 
C8 6656(3) 9855(7) 4931.5(12) 14.5(5) 
C9 3910(3) 8312(7) 4656.3(12) 14.6(5) 
  
Table I.3.3.3 Anisotropic Displacement Parameters (Å2×103) for B17509. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 19.35(13) 18.38(14) 13.02(12) -2.92(10) 0.56(9) -1.07(10) 
Br2 15.75(14) 28.29(18) 28.99(18) -7.97(13) 1.51(12) 3.64(12) 
N1 20.4(11) 13.9(11) 11.0(9) -3.2(8) 4.6(8) 3.6(9) 
C1 17.5(11) 8.9(11) 10.1(10) 1.0(9) 4.6(9) 1.0(9) 
C2 14.9(11) 14.2(12) 11.6(11) -0.8(9) 3.4(9) 3.9(9) 
C3 18.2(12) 13.6(12) 11.6(11) -1.9(9) 3.0(9) 1(1) 
C4 17.7(11) 10.7(11) 8.2(10) 0.8(9) 3.5(8) 1.5(9) 
C5 16.9(11) 12.4(12) 9(1) 0.2(9) 3.1(9) 1.8(9) 
C6 16.4(11) 12.0(11) 8(1) 0.7(9) 2.3(9) -1.4(9) 
C7 16.7(11) 9.9(11) 8(1) 1.1(8) 3.1(8) 1.4(9) 
C8 15.8(11) 14.0(12) 14.2(11) -3.2(10) 4.3(9) 1.3(10) 






Table I.3.3.4 Bond Lengths for B17509. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C6 1.894(3)   C4 C5 1.400(4) 
Br2 C2 1.890(3)   C4 C7 1.483(4) 
N1 C1 1.376(3)   C5 C6 1.378(4) 
C1 C2 1.391(4)   C7 C9 1.393(4) 
C1 C6 1.396(4)   C7 C8 1.397(4) 
C2 C3 1.384(4)   C8 C91 1.386(4) 
C3 C4 1.386(4)   C9 C81 1.386(4) 
11-X,2-Y,1-Z 
  
Table I.3.3.5 Bond Angles for B17509. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N1 C1 C2 123.0(3)   C6 C5 C4 120.8(3) 
N1 C1 C6 122.3(3)   C5 C6 C1 123.2(3) 
C2 C1 C6 114.6(2)   C5 C6 Br1 118.3(2) 
C3 C2 C1 123.4(3)   C1 C6 Br1 118.4(2) 
C3 C2 Br2 118.4(2)   C9 C7 C8 116.9(2) 
C1 C2 Br2 118.2(2)   C9 C7 C4 121.8(3) 
C2 C3 C4 120.8(3)   C8 C7 C4 121.3(2) 
C3 C4 C5 117.2(2)   C91 C8 C7 121.7(3) 
C3 C4 C7 121.6(2)   C81 C9 C7 121.5(3) 
C5 C4 C7 121.2(2)           
11-X,2-Y,1-Z 
  
Table I.3.3.6 Hydrogen Bonds for B17509. 
D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 
N1 H1A Br2 0.88 2.65 3.078(3) 110.9 
N1 H1A Br11 0.88 2.90 3.549(2) 132.2 
N1 H1B N11 0.88 2.42 3.134(3) 138.0 





Table I.3.3.7 Torsion Angles for B17509. 
A B C D Angle/˚   A B C D Angle/˚ 
N1 C1 C2 C3 177.5(3)   N1 C1 C6 C5 -177.3(3) 
C6 C1 C2 C3 0.4(4)   C2 C1 C6 C5 -0.1(4) 
N1 C1 C2 Br2 -4.8(4)   N1 C1 C6 Br1 3.8(4) 
C6 C1 C2 Br2 178.0(2)   C2 C1 C6 Br1 -179.0(2) 
C1 C2 C3 C4 0.0(5)   C3 C4 C7 C9 -162.2(3) 
Br2 C2 C3 C4 -177.7(2)   C5 C4 C7 C9 14.7(4) 
C2 C3 C4 C5 -0.5(4)   C3 C4 C7 C8 16.0(4) 
C2 C3 C4 C7 176.6(3)   C5 C4 C7 C8 -167.1(3) 
C3 C4 C5 C6 0.7(4)   C9 C7 C8 C91 -0.4(5) 
C7 C4 C5 C6 -176.4(3)   C4 C7 C8 C91 -178.7(3) 
C4 C5 C6 C1 -0.4(4)   C8 C7 C9 C81 0.4(5) 
C4 C5 C6 Br1 178.4(2)   C4 C7 C9 C81 178.7(3) 
11-X,2-Y,1-Z 
  
Table I.3.3.8 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for B17509. 
Atom x y z U(eq) 
H1A 8966 -298 2961 18 
H1B 7208 -674 2685 18 
H3 8616 6171 4450 17 
H5 3989 5343 3682 15 
H8 7805 9773 4890 17 










I.3.4. 2,4-dibromo-6-isopropylammonium bromide•water 
Table I.3.4.1 Crystal data and structure refinement for b18210t5. 
Identification code b18210t5 
Empirical formula C9H14Br3NO 
Formula weight 391.94 
Temperature/K 296(2) 
Crystal system Monoclinic 












Crystal size/mm3 0.35 × 0.16 × 0.11 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.4 to 51 
Index ranges 0 ≤ h ≤ 18, -14 ≤ k ≤ 0, -8 ≤ l ≤ 8 
Reflections collected 32077 
Independent reflections 2452 [Rint = 0.083, Rsigma = 0.0547] 
Data/restraints/parameters 2452/1/135 
Goodness-of-fit on F2 1.096 
Final R indexes [I>=2σ (I)] R1 = 0.0507, wR2 = 0.1203 
Final R indexes [all data] R1 = 0.0696, wR2 = 0.1299 







Table I.3.4.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b18210t5. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 10836.5(5) -1827.7(6) -5899.8(14) 41.5(3) 
Br2 14548.2(6) -1474.3(8) -4839.9(17) 58.6(3) 
Br3 11403.8(7) -6283.6(7) 861.6(14) 48.4(3) 
N1 11237(4) -4412(5) -5917(10) 30.4(14) 
C1 12039(5) -3719(6) -5581(12) 29.8(16) 
C2 11961(4) -2539(6) -5612(11) 30.3(16) 
C3 12694(5) -1852(6) -5343(13) 35.4(19) 
C4 13510(5) -2380(7) -5093(12) 38(2) 
C5 13591(5) -3541(7) -4989(14) 41(2) 
C6 12850(5) -4262(6) -5247(10) 29.9(17) 
C7 12979(6) -5532(7) -5199(13) 44(2) 
C8 13182(9) -5905(10) -3236(19) 82(4) 
C9 13653(6) -5938(9) -6520(20) 69(3) 
O1S 10696(4) -6029(5) -3428(9) 40.6(14) 
  
Table I.3.4.3 Anisotropic Displacement Parameters (Å2×103) for b18210t5. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 44.9(4) 26.0(4) 53.4(5) -1.8(4) -1.6(5) 4.8(3) 
Br2 47.4(5) 46.7(5) 81.7(8) -1.3(6) 0.6(6) -20.4(4) 
Br3 67.6(6) 35.1(4) 42.1(5) -4.3(5) -8.4(6) -4.4(4) 
N1 32(3) 20(3) 39(4) -4(3) -2(3) 1(2) 
C1 35(3) 26(3) 29(4) 8(4) 3(4) -5(3) 
C2 34(3) 25(3) 32(4) -6(4) 5(4) 3(3) 
C3 42(4) 25(4) 40(5) 2(4) 12(4) -6(3) 
C4 42(4) 28(4) 42(5) -8(4) 2(4) -18(3) 
C5 28(3) 37(4) 58(6) 5(5) 6(4) 0(3) 
C6 36(4) 29(4) 25(4) -6(4) 0(3) -1(3) 
C7 40(4) 29(4) 63(7) 4(5) -6(5) 5(3) 
C8 101(9) 41(6) 103(10) -5(7) -30(9) -5(6) 
C9 53(6) 46(5) 108(10) -9(7) 7(7) -5(5) 




Table I.3.4.4 Bond Lengths for b18210t5. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C2 1.898(7)   C3 C4 1.386(11) 
Br2 C4 1.899(7)   C4 C5 1.371(12) 
N1 C1 1.474(9)   C5 C6 1.412(10) 
C1 C2 1.391(10)   C6 C7 1.505(11) 
C1 C6 1.395(10)   C7 C9 1.498(15) 
C2 C3 1.380(10)   C7 C8 1.516(17) 
  
Table I.3.4.5 Bond Angles for b18210t5. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C2 C1 C6 122.1(6)   C3 C4 Br2 119.3(6) 
C2 C1 N1 118.6(6)   C4 C5 C6 121.3(7) 
C6 C1 N1 119.3(6)   C1 C6 C5 116.0(7) 
C3 C2 C1 120.9(6)   C1 C6 C7 124.7(7) 
C3 C2 Br1 118.0(6)   C5 C6 C7 119.3(7) 
C1 C2 Br1 121.0(5)   C9 C7 C6 113.0(8) 
C2 C3 C4 117.6(7)   C9 C7 C8 112.9(9) 
C5 C4 C3 122.1(7)   C6 C7 C8 109.3(8) 
C5 C4 Br2 118.6(6)           
  
Table I.3.4. 6 Torsion Angles for b18210t5. 
A B C D Angle/˚   A B C D Angle/˚ 
C6 C1 C2 C3 1.2(14)   C2 C1 C6 C5 -1.6(13) 
N1 C1 C2 C3 -178.6(8)   N1 C1 C6 C5 178.2(7) 
C6 C1 C2 Br1 -175.6(6)   C2 C1 C6 C7 -179.9(8) 
N1 C1 C2 Br1 4.6(11)   N1 C1 C6 C7 0.0(13) 
C1 C2 C3 C4 1.7(14)   C4 C5 C6 C1 -0.9(13) 
Br1 C2 C3 C4 178.6(6)   C4 C5 C6 C7 177.5(9) 
C2 C3 C4 C5 -4.3(15)   C1 C6 C7 C9 123.6(10) 
C2 C3 C4 Br2 176.9(7)   C5 C6 C7 C9 -54.6(11) 
C3 C4 C5 C6 4.0(15)   C1 C6 C7 C8 -109.8(11) 




Table I.3.4.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b18210t5. 
Atom x y z U(eq) 
H1A 11314 -4857 -6891 46 
H1B 10774 -3956 -6129 46 
H1C 11138 -4842 -4935 46 
H3A 12643 -1063 -5330 43 
H5A 14146 -3860 -4745 49 
H7A 12411 -5879 -5571 53 
H8A 13272 -6714 -3205 123 
H8B 12695 -5709 -2475 123 
H8C 13709 -5528 -2786 123 
H9A 13491 -5685 -7743 103 
H9B 13677 -6755 -6504 103 
H9C 14224 -5636 -6178 103 
H1SA 10970(60) -5950(90) -2150(110) 61 
















Table I.3.5.1 Crystal data and structure refinement for b25109. 
Identification code b25109 
Empirical formula C13H9Br2NO 
Formula weight 355.03 
Temperature/K 100(2) 
Crystal system Orthorhombic 












Crystal size/mm3 0.32 × 0.25 × 0.23 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.46 to 75.52 
Index ranges -17 ≤ h ≤ 28, -6 ≤ k ≤ 6, -31 ≤ l ≤ 31 
Reflections collected 28942 
Independent reflections 6167 [Rint = 0.0333, Rsigma = 0.0423] 
Data/restraints/parameters 6167/1/154 
Goodness-of-fit on F2 0.997 
Final R indexes [I>=2σ (I)] R1 = 0.0230, wR2 = 0.0429 
Final R indexes [all data] R1 = 0.0294, wR2 = 0.0441 
Largest diff. peak/hole / e Å-3 0.53/-0.53 







Table I.3.5.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b25109. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 1114.84(7) 9340.7(4) 2423.96(9) 13.45(3) 
Br2 -1803.50(8) 2886.7(4) 3370.76(9) 14.56(3) 
O1 63.7(7) 5369(3) 5706.1(6) 18.8(2) 
C1 -290.0(8) 5975(4) 2987.7(7) 10.4(2) 
C2 -750.8(8) 4717(4) 3577.4(7) 10.0(2) 
C3 -473.2(8) 4721(4) 4282.1(8) 10.3(2) 
C4 295.8(8) 6108(4) 4451.5(7) 10.2(2) 
C5 757.7(8) 7515(4) 3883.2(8) 10.7(2) 
C6 470.6(8) 7426(3) 3177.5(7) 10.4(2) 
C7 554.9(8) 6093(4) 5226.0(8) 11.2(2) 
C8 1418.1(8) 6970(4) 5432.5(8) 10.8(2) 
C9 1534.9(9) 8785(4) 6073.5(8) 12.1(2) 
C10 2319.6(9) 9562(4) 6315.4(8) 15.2(3) 
C11 2997.3(9) 8475(4) 5915.2(9) 15.5(3) 
C12 2884.1(8) 6627(4) 5280.3(9) 14.5(3) 
C13 2098.8(8) 5861(4) 5037.2(8) 12.5(2) 












Table I.3.5.3 Anisotropic Displacement Parameters (Å2×103) for b25109. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 15.31(5) 14.64(6) 10.39(5) 2.62(6) 4.62(5) 0.66(4) 
Br2 11.39(5) 18.91(7) 13.39(5) -1.15(6) -1.78(5) -3.10(4) 
O1 13.5(5) 33.8(7) 9.1(4) 1.0(4) 1.1(4) -3.7(4) 
C1 12.5(5) 10.8(6) 7.9(5) -0.1(4) 0.9(4) 2.7(4) 
C2 9.5(5) 11.3(6) 9.0(5) -0.2(4) 0.0(4) 0.1(4) 
C3 10.0(5) 11.4(6) 9.4(5) -1.1(5) 0.8(4) 0.1(4) 
C4 10.0(5) 12.7(7) 7.8(5) 0.1(4) 0.4(4) 0.4(4) 
C5 10.8(5) 11.8(7) 9.4(5) -0.1(5) 0.3(4) 0.2(4) 
C6 11.3(5) 11.6(7) 8.3(5) 1.0(4) 2.0(4) 0.9(4) 
C7 11.1(5) 13.4(7) 9.2(5) -0.1(5) 0.0(4) 0.2(4) 
C8 10.4(5) 13.3(6) 8.9(5) 1.3(5) -0.4(4) 0.6(4) 
C9 13.5(5) 13.8(7) 9.1(5) 0.6(5) 0.7(4) 0.0(5) 
C10 16.2(6) 15.7(7) 13.9(6) 0.5(5) -2.5(5) -5.3(5) 
C11 12.7(5) 15.8(7) 18.2(7) 5.7(6) -2.4(5) -2.2(5) 
C12 11.6(6) 14.2(7) 17.7(6) 3.1(5) 1.7(5) 1.0(5) 
C13 12.5(5) 13.1(7) 11.8(6) 0.9(5) 1.5(4) 0.7(5) 













Table I.3.5.4 Bond Lengths for b25109. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C6 1.8908(13)   C4 C7 1.477(2) 
Br2 C2 1.8995(13)   C5 C6 1.373(2) 
O1 C7 1.2217(17)   C7 C8 1.4963(19) 
C1 N1 1.3563(17)   C8 C9 1.388(2) 
C1 C2 1.4050(19)   C8 C13 1.394(2) 
C1 C6 1.4091(19)   C9 C10 1.387(2) 
C2 C3 1.3651(19)   C10 C11 1.392(2) 
C3 C4 1.4023(19)   C11 C12 1.385(2) 
C4 C5 1.3987(19)   C12 C13 1.387(2) 
  
Table I.3.5.5 Bond Angles for b25109. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N1 C1 C2 122.44(13)   C1 C6 Br1 118.19(10) 
N1 C1 C6 122.34(12)   O1 C7 C4 120.16(12) 
C2 C1 C6 115.18(12)   O1 C7 C8 119.24(13) 
C3 C2 C1 123.15(12)   C4 C7 C8 120.60(12) 
C3 C2 Br2 119.13(10)   C9 C8 C13 119.49(13) 
C1 C2 Br2 117.71(10)   C9 C8 C7 117.53(12) 
C2 C3 C4 120.29(13)   C13 C8 C7 122.85(13) 
C5 C4 C3 118.21(12)   C10 C9 C8 120.71(13) 
C5 C4 C7 124.04(12)   C9 C10 C11 119.59(15) 
C3 C4 C7 117.72(12)   C12 C11 C10 119.92(13) 
C6 C5 C4 120.31(12)   C11 C12 C13 120.46(14) 
C5 C6 C1 122.77(12)   C12 C13 C8 119.83(14) 









Table I.3.5.6 Torsion Angles for b25109. 
A B C D Angle/˚   A B C D Angle/˚ 
N1 C1 C2 C3 178.82(14)   C5 C4 C7 O1 167.04(15) 
C6 C1 C2 C3 -3.3(2)   C3 C4 C7 O1 -10.8(2) 
N1 C1 C2 Br2 -0.4(2)   C5 C4 C7 C8 -12.8(2) 
C6 C1 C2 Br2 177.49(10)   C3 C4 C7 C8 169.36(13) 
C1 C2 C3 C4 1.8(2)   O1 C7 C8 C9 -36.7(2) 
Br2 C2 C3 C4 
-
178.92(11) 
  C4 C7 C8 C9 143.13(14) 
C2 C3 C4 C5 0.9(2)   O1 C7 C8 C13 139.03(16) 
C2 C3 C4 C7 178.89(13)   C4 C7 C8 C13 -41.1(2) 
C3 C4 C5 C6 -2.1(2)   C13 C8 C9 C10 1.3(2) 
C7 C4 C5 C6 
-
179.89(14) 
  C7 C8 C9 C10 177.22(14) 
C4 C5 C6 C1 0.5(2)   C8 C9 C10 C11 -0.8(2) 
C4 C5 C6 Br1 
-
179.78(11) 
  C9 C10 C11 C12 -0.1(2) 
N1 C1 C6 C5 179.98(14)   C10 C11 C12 C13 0.3(2) 
C2 C1 C6 C5 2.1(2)   C11 C12 C13 C8 0.3(2) 
N1 C1 C6 Br1 0.28(19)   C9 C8 C13 C12 -1.1(2) 
C2 C1 C6 Br1 
-
177.63(10) 




Table I.3.5.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b25109. 
Atom x y z U(eq) 
H3 -802 3779 4659 12 
H5 1273 8537 3986 13 
H9 1072 9502 6349 15 
H10 2394 10827 6751 18 
H11 3537 9000 6077 19 
H12 3347 5879 5009 17 
H13 2025 4585 4602 15 
H1A -1055 5040 2191 18 





I.3.6. 4-bromo-2,6-diisopropylanilinium bromide•0.4bromine 
Table I.3.6.1 Crystal data and structure refinement for B33409. 
Identification code B33409 
Empirical formula C12H19Br2.42N 
Formula weight 370.31 
Temperature/K 100(2) 
Crystal system Orthorhomic 












Crystal size/mm3 0.36 × 0.13 × 0.09 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.12 to 54.58 
Index ranges -31 ≤ h ≤ 23, -11 ≤ k ≤ 9, -32 ≤ l ≤ 33 
Reflections collected 56076 
Independent reflections 56076 [Rint = 0.0000, Rsigma = 0.1008] 
Data/restraints/parameters 56076/0/291 
Goodness-of-fit on F2 1.010 
Final R indexes [I>=2σ (I)] R1 = 0.0506, wR2 = 0.1005 
Final R indexes [all data] R1 = 0.0992, wR2 = 0.1157 








Table I.3.6.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for B33409. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 841.04(10) 2185.7(3) -1134.07(9) 24.56(7) 
Br2 1011.70(9) 7913.5(3) 4277.31(9) 21.50(6) 
Br3 2239.89(9) 9820.8(2) 1559.93(8) 13.68(6) 
Br4 755.93(9) 4871.2(3) 1527.15(9) 21.61(6) 
Br5 234.15(11) 9854.0(3) 5371.56(12) 26.03(11) 
N1 1705.4(7) 2855.2(17) 1031.0(6) 12.0(4) 
N2 1674.4(7) 6811.5(18) 2076.5(6) 13.3(4) 
C1 1520.2(8) 2630(2) 501.0(8) 10.4(5) 
C2 1110.0(8) 1584(2) 414.0(8) 12.8(5) 
C3 918.0(9) 1461(2) -84.9(8) 15.9(5) 
C4 1127.5(9) 2345(2) -463.0(8) 15.1(5) 
C5 1541.5(9) 3339(2) -367.2(8) 14.1(5) 
C6 1749.9(8) 3511(2) 118.4(8) 12.3(5) 
C7 861.1(9) 626(2) 828.9(8) 15.8(5) 
C8 259.6(9) 1059(3) 918.1(9) 23.6(6) 
C9 910.9(10) -1017(2) 698.3(9) 28.3(6) 
C10 2202.1(8) 4636(2) 227.8(8) 11.5(5) 
C11 2566.8(9) 4958(2) -232.4(8) 21.3(6) 
C12 1945.0(9) 6062(2) 438.2(8) 16.0(5) 
C13 1496.6(8) 7040(2) 2607.2(8) 12.4(5) 
C14 1087.8(8) 8079(2) 2701.0(8) 11.9(5) 
C15 933.1(9) 8299(2) 3203.4(8) 15.9(5) 
C16 1183.8(9) 7503(2) 3587.0(8) 14.3(5) 
C17 1575.5(9) 6445(2) 3481.6(8) 15.5(5) 
C18 1745.1(8) 6190(2) 2989.3(8) 11.7(5) 
C19 805.6(9) 8983(2) 2284.2(8) 15.7(5) 
C20 187.8(9) 8588(3) 2255.1(9) 27.7(6) 
C21 891(1) 10637(2) 2369.7(9) 23.8(6) 
C22 2178.3(9) 5023(2) 2870.4(8) 15.6(5) 
C23 2559.1(10) 4710(3) 3323.9(8) 25.9(6) 





Table I.3.6.3 Anisotropic Displacement Parameters (Å2×103) for B33409. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 29.56(14) 29.22(15) 14.92(13) -1.98(11) -5.64(11) -6.54(12) 
Br2 20.83(13) 28.99(15) 14.68(13) -5.58(11) 3.15(10) -2.05(11) 
Br3 14.90(11) 11.96(12) 14.18(12) 0.79(10) 0.37(10) 0.5(1) 
Br4 17.89(12) 22.02(14) 24.93(14) -9.10(11) 2.08(11) -2.92(11) 
Br5 20.23(17) 24.5(2) 33.4(2) 5.03(15) -1.80(14) 1.86(14) 
N1 13.3(9) 8(1) 14.6(10) -0.4(8) 2.2(8) 0.4(8) 
N2 15.7(10) 11.9(10) 12.2(11) 0.6(8) -0.6(8) -1.3(8) 
C1 11.0(11) 8.5(12) 11.6(12) -1.5(9) -1.4(9) 2.3(9) 
C2 10.0(12) 9.7(12) 18.7(13) -1.3(10) 0.7(10) 2.1(9) 
C3 15.9(13) 14.6(13) 17.2(14) -1.6(10) -3.6(11) -1.4(10) 
C4 19.4(12) 13.9(13) 12.0(13) -4.6(10) -1.4(10) 0.7(10) 
C5 17.8(12) 12.1(13) 12.2(13) 3.7(10) 3.5(10) 4.7(10) 
C6 13.3(12) 6.4(12) 17.2(13) -0.1(9) 0.1(11) 2.8(10) 
C7 16.8(12) 11.9(13) 18.7(14) 3.4(10) -2.1(11) -2.8(10) 
C8 20.5(14) 27.8(15) 22.5(15) 2.4(12) 3.8(11) -4.4(12) 
C9 45.0(17) 11.3(14) 28.5(16) 1.4(12) 4.7(13) -0.6(12) 
C10 14.9(12) 9.2(12) 10.3(12) -0.3(9) -1.2(10) 0.0(9) 
C11 21.3(13) 20.6(15) 21.9(14) -3.8(11) 3.8(11) -7.1(11) 
C12 22.0(13) 6.2(13) 19.6(14) 0.1(10) -3.0(11) -2.7(10) 
C13 18.4(12) 10.6(12) 8.1(12) -2.2(10) 2.3(10) -5.3(10) 
C14 11.9(12) 8.6(13) 15.3(13) -2.3(10) 0.1(10) -2.9(10) 
C15 14.4(13) 14.7(14) 18.6(14) -4.6(10) 1.7(10) -1.2(10) 
C16 16.9(12) 17.7(14) 8.2(12) -2.3(9) 2.3(9) -5.6(10) 
C17 18.4(13) 14.4(13) 13.6(13) 2.6(10) -1.2(11) -2.5(10) 
C18 12.7(12) 8.9(12) 13.5(13) -1.7(9) 2.2(10) -1.7(10) 
C19 15.4(12) 17.1(14) 14.7(13) 1.3(10) 0.8(10) 3.7(10) 
C20 19.9(14) 38.1(17) 25.1(16) 4.3(12) -5.1(12) -1.1(12) 
C21 33.7(15) 15.5(14) 22.3(15) 1.5(11) 1.4(12) 5.0(11) 
C22 22.0(13) 9.6(13) 15.0(13) 1.3(10) 0.5(10) 2.3(10) 
C23 27.7(14) 28.9(16) 21.0(14) -1.6(12) -2.9(11) 17.2(12) 






Table I.3.6.4 Bond Lengths for B33409. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C4 1.894(2)   C10 C11 1.522(3) 
Br2 C16 1.891(2)   C10 C12 1.534(3) 
Br5 Br51 2.2671(7)   C13 C14 1.387(3) 
N1 C1 1.472(2)   C13 C18 1.397(3) 
N2 C13 1.469(2)   C14 C15 1.382(3) 
C1 C2 1.390(3)   C14 C19 1.525(3) 
C1 C6 1.395(3)   C15 C16 1.376(3) 
C2 C3 1.391(3)   C16 C17 1.375(3) 
C2 C7 1.514(3)   C17 C18 1.372(3) 
C3 C4 1.369(3)   C18 C22 1.520(3) 
C4 C5 1.370(3)   C19 C21 1.526(3) 
C5 C6 1.376(3)   C19 C20 1.541(3) 
C6 C10 1.522(3)   C22 C23 1.530(3) 
C7 C8 1.527(3)   C22 C24 1.530(3) 
















Table I.3.6.5 Bond Angles for B33409. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C2 C1 C6 123.8(2)   C14 C13 C18 123.59(19) 
C2 C1 N1 117.78(18)   C14 C13 N2 118.15(18) 
C6 C1 N1 118.43(18)   C18 C13 N2 118.26(19) 
C1 C2 C3 116.6(2)   C15 C14 C13 117.4(2) 
C1 C2 C7 123.8(2)   C15 C14 C19 118.82(19) 
C3 C2 C7 119.63(19)   C13 C14 C19 123.83(19) 
C4 C3 C2 120.5(2)   C16 C15 C14 120.0(2) 
C3 C4 C5 121.5(2)   C17 C16 C15 121.4(2) 
C3 C4 Br1 119.35(17)   C17 C16 Br2 118.69(16) 
C5 C4 Br1 119.18(17)   C15 C16 Br2 119.82(17) 
C4 C5 C6 120.8(2)   C18 C17 C16 120.8(2) 
C5 C6 C1 116.9(2)   C17 C18 C13 116.80(19) 
C5 C6 C10 120.87(19)   C17 C18 C22 121.04(19) 
C1 C6 C10 122.23(19)   C13 C18 C22 122.16(19) 
C2 C7 C8 110.08(18)   C14 C19 C21 111.07(18) 
C2 C7 C9 111.36(18)   C14 C19 C20 110.27(18) 
C8 C7 C9 111.00(18)   C21 C19 C20 111.51(19) 
C11 C10 C6 113.38(17)   C18 C22 C23 112.69(18) 
C11 C10 C12 111.05(17)   C18 C22 C24 110.03(18) 
C6 C10 C12 109.69(17)   C23 C22 C24 111.33(18) 
  
Table I.3.6.6 Hydrogen Bonds for B33409. 
D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 
N1 H1A Br31 0.91 2.60 3.4064(17) 148.2 
N1 H1B Br32 0.91 2.45 3.3346(17) 164.5 
N1 H1C Br4 0.91 2.32 3.2093(16) 167.3 
N2 H2A Br4 0.91 2.27 3.1774(17) 171.7 
N2 H2B Br31 0.91 2.64 3.4620(17) 150.2 







Table I.3.6.7 Torsion Angles for B33409. 
A B C D Angle/˚   A B C D Angle/˚ 
C6 C1 C2 C3 -1.5(3)   C18 C13 C14 C15 1.7(3) 
N1 C1 C2 C3 176.02(17)   N2 C13 C14 C15 
-
178.81(18) 
C6 C1 C2 C7 179.91(19)   C18 C13 C14 C19 
-
178.50(19) 
N1 C1 C2 C7 -2.5(3)   N2 C13 C14 C19 1.0(3) 
C1 C2 C3 C4 -0.4(3)   C13 C14 C15 C16 0.2(3) 
C7 C2 C3 C4 178.27(19)   C19 C14 C15 C16 
-
179.62(19) 
C2 C3 C4 C5 2.0(3)   C14 C15 C16 C17 -2.3(3) 
C2 C3 C4 Br1 
-
178.20(16) 
  C14 C15 C16 Br2 175.18(15) 
C3 C4 C5 C6 -1.9(3)   C15 C16 C17 C18 2.6(3) 
Br1 C4 C5 C6 178.36(16)   Br2 C16 C17 C18 
-
174.90(16) 
C4 C5 C6 C1 0.0(3)   C16 C17 C18 C13 -0.8(3) 
C4 C5 C6 C10 
-
178.82(19) 
  C16 C17 C18 C22 179.94(19) 
C2 C1 C6 C5 1.7(3)   C14 C13 C18 C17 -1.4(3) 
N1 C1 C6 C5 
-
175.84(17) 
  N2 C13 C18 C17 179.09(18) 
C2 C1 C6 C10 
-
179.47(18) 
  C14 C13 C18 C22 177.87(19) 
N1 C1 C6 C10 3.0(3)   N2 C13 C18 C22 -1.6(3) 
C1 C2 C7 C8 112.0(2)   C15 C14 C19 C21 59.3(3) 
C3 C2 C7 C8 -66.6(3)   C13 C14 C19 C21 -120.5(2) 
C1 C2 C7 C9 -124.5(2)   C15 C14 C19 C20 -64.8(3) 
C3 C2 C7 C9 57.0(3)   C13 C14 C19 C20 115.4(2) 
C5 C6 C10 C11 -27.3(3)   C17 C18 C22 C23 -25.1(3) 
C1 C6 C10 C11 153.86(19)   C13 C18 C22 C23 155.7(2) 
C5 C6 C10 C12 97.4(2)   C17 C18 C22 C24 99.8(2) 







Table I.3.6.8 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for B33409. 
Atom x y z U(eq) 
H1A 2015 3425 1032 18 
H1B 1781 1964 1176 18 
H1C 1434 3316 1212 18 
H2A 1403 6340 1900 20 
H2B 1986 6250 2072 20 
H2C 1745 7702 1928 20 
H3 639 759 -164 19 
H5 1686 3917 -639 17 
H7 1070 810 1152 19 
H8A 241 2095 1027 35 
H8B 101 426 1184 35 
H8C 51 934 600 35 
H9A 698 -1230 389 42 
H9B 767 -1610 982 42 
H9C 1300 -1266 640 42 
H10 2443 4214 501 14 
H11A 2685 4024 -388 32 
H11B 2892 5520 -123 32 
H11C 2358 5537 -483 32 
H12A 2239 6751 536 24 
H12B 1719 5829 738 24 
H12C 1713 6517 175 24 
H15 654 8999 3284 19 
H17 1730 5884 3753 19 
H19 979 8716 1950 19 
H20A 147 7530 2182 42 
H20B 13 9164 1983 42 
H20C 11 8817 2582 42 
H21A 723 10927 2695 36 
H21B 718 11191 2091 36 
H21C 1287 10856 2378 36 
H22 2412 5411 2586 19 
H23A 2700 5646 3461 39 
H23B 2869 4096 3211 39 
H23C 2352 4188 3590 39 
H24A 1678 3179 2956 35 
H24B 2182 2897 2573 35 
H24C 1660 3842 2390 35 
A103
  
Table I.3.6.9 Atomic Occupancy for B33409. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 
Br5 0.8318(8)      
 
   
 
I.3.7. 3,4,5,6-tetrabromobenzene-1,2-diol 
Table I.3.7.1 Crystal data and structure refinement for b18710. 
Identification code b18710 
Empirical formula C12H8Br8N2O3 
Formula weight 867.48 
Temperature/K 100(2) 
Crystal system Triclinic 












Crystal size/mm3 0.58 × 0.11 × 0.08 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.6 to 54.52 
Index ranges -5 ≤ h ≤ 4, -19 ≤ k ≤ 19, -21 ≤ l ≤ 21 
Reflections collected 15134 
Independent reflections 4056 [Rint = 0.0441, Rsigma = 0.0396] 
Data/restraints/parameters 4056/2/226 
Goodness-of-fit on F2 1.050 
Final R indexes [I>=2σ (I)] R1 = 0.0327, wR2 = 0.0834 
Final R indexes [all data] R1 = 0.0431, wR2 = 0.0910 





Table I.3.7.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b18710. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 2829.3(14) 5412.6(4) 14018.3(3) 16.23(13) 
Br2 6335.9(15) 7372.4(4) 14085.0(3) 19.98(14) 
Br3 9889.0(14) 8994.3(4) 12298.5(4) 19.23(14) 
Br4 9651.5(14) 8666.0(4) 10492.5(3) 20.80(14) 
Br5 5317.5(14) 8713.3(4) 8617.2(3) 17.43(13) 
Br6 5765.8(14) 9743.6(4) 6510.5(3) 17.55(13) 
Br7 9473.1(14) 8585.0(4) 5370.7(3) 18.37(13) 
Br8 12483.2(13) 6416.3(3) 6376.0(3) 15.85(13) 
C1 4874(13) 6375(4) 13028(3) 13.1(10) 
C2 6340(13) 7193(4) 13052(3) 14.4(10) 
C3 7808(13) 7877(4) 12294(3) 15.2(11) 
C4 7764(14) 7746(4) 11534(3) 15.4(11) 
C5 6282(14) 6929(4) 11507(3) 15.8(11) 
C6 4828(13) 6244(4) 12266(3) 14.2(10) 
C7 7405(13) 8102(4) 7929(3) 14.5(10) 
C8 7572(13) 8522(3) 7052(3) 14.5(10) 
C9 9098(13) 8033(4) 6568(3) 12.7(10) 
C10 10461(13) 7126(3) 6985(3) 12(1) 
C11 10296(13) 6711(3) 7865(3) 13.0(6) 
C12 8759(14) 7209(4) 8344(3) 15.0(11) 
O1S 7297(11) 4549(3) 9612(3) 24.0(9) 
O1 6241(10) 6787(3) 10772(2) 14.5(8) 
N2 3341(10) 5462(3) 12200(2) 13.3(8) 
O3 11655(10) 5833(3) 8289(2) 13.0(6) 
N4 8714(10) 6798(3) 9210(2) 13.1(8) 
N1 6241(10) 6787(3) 10772(2) 14.5(8) 
O2 3341(10) 5462(3) 12200(2) 13.3(8) 
N3 11655(10) 5833(3) 8289(2) 13.0(6) 






Table I.3.7.3 Anisotropic Displacement Parameters (Å2×103) for b18710. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 19.5(3) 12.4(2) 14.6(2) -3.4(2) 1.4(2) 0.0(2) 
Br2 24.9(3) 21.0(3) 18.9(3) -13.0(2) -2.3(2) 1.5(2) 
Br3 19.2(3) 11.3(2) 30.2(3) -11.3(2) -2.1(2) -0.6(2) 
Br4 23.9(3) 16.0(3) 18.2(3) -2.5(2) 2.4(2) -4.8(2) 
Br5 21.1(3) 14.4(3) 19.6(3) -10.2(2) 0.9(2) 2.3(2) 
Br6 20.9(3) 10.2(2) 20.6(3) -4.8(2) -2.2(2) 2.8(2) 
Br7 25.7(3) 14.4(3) 13.9(3) -4.3(2) -1.2(2) 1.6(2) 
Br8 20.5(3) 11.4(2) 17.0(3) -7.5(2) 1.4(2) 0.6(2) 
C1 15(3) 11(2) 13(2) -4(2) -2(2) 2(2) 
C2 16(3) 18(3) 15(2) -12(2) -5(2) 6(2) 
C3 13(3) 14(2) 20(3) -7(2) -3(2) 0(2) 
C4 18(3) 11(2) 16(3) -5(2) 1(2) 1(2) 
C5 18(3) 13(2) 16(3) -5(2) 0(2) 2(2) 
C6 17(3) 10(2) 17(3) -6(2) -4(2) 2(2) 
C7 18(3) 10(2) 17(3) -6(2) 0(2) -3(2) 
C8 14(3) 7(2) 20(3) -3(2) -1(2) -4.0(19) 
C9 14(3) 10(2) 12(2) -2.4(19) -1.3(19) -3.2(19) 
C10 13(2) 9(2) 16(2) -8(2) 2.0(19) 0.1(19) 
C11 20.6(17) 3.3(13) 12.1(14) -0.3(11) 1.1(12) 3.7(12) 
C12 21(3) 11(2) 12(2) -4(2) 4(2) -2(2) 
O1S 35(2) 19(2) 25(2) -14.7(18) -11.9(19) 5.4(18) 
O1 23(2) 13.4(19) 9.0(18) -7.2(16) 3.1(16) -6.2(16) 
N2 23(2) 8.4(18) 11.9(19) -7.5(15) 0.9(16) -7.5(16) 
O3 20.6(17) 3.3(13) 12.1(14) -0.3(11) 1.1(12) 3.7(12) 
N4 24(2) 7.6(17) 6.7(17) -1.7(14) 0.0(15) 6.6(16) 
N1 23(2) 13.4(19) 9.0(18) -7.2(16) 3.1(16) -6.2(16) 
O2 23(2) 8.4(18) 11.9(19) -7.5(15) 0.9(16) -7.5(16) 
N3 20.6(17) 3.3(13) 12.1(14) -0.3(11) 1.1(12) 3.7(12) 







Table I.3.7.4 Bond Lengths for b18710. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br1 C1 1.880(5)   C4 C5 1.389(7) 
Br2 C2 1.877(5)   C5 O1 1.346(6) 
Br3 C3 1.886(5)   C5 C6 1.392(7) 
Br4 C4 1.883(5)   C6 N2 1.370(6) 
Br5 C7 1.879(5)   C7 C8 1.377(7) 
Br6 C8 1.876(5)   C7 C12 1.382(7) 
Br7 C9 1.877(5)   C8 C9 1.394(7) 
Br8 C10 1.878(5)   C9 C10 1.401(7) 
C1 C6 1.384(7)   C10 C11 1.381(7) 
C1 C2 1.384(7)   C11 O3 1.369(6) 
C2 C3 1.392(7)   C11 C12 1.401(7) 
C3 C4 1.381(7)   C12 N4 1.362(6) 
  
Table I.3.7.5 Bond Angles for b18710. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C6 C1 C2 120.9(5)   C8 C7 C12 121.5(5) 
C6 C1 Br1 117.5(4)   C8 C7 Br5 121.6(4) 
C2 C1 Br1 121.6(4)   C12 C7 Br5 116.9(4) 
C1 C2 C3 118.6(5)   C7 C8 C9 119.4(5) 
C1 C2 Br2 120.6(4)   C7 C8 Br6 120.3(4) 
C3 C2 Br2 120.9(4)   C9 C8 Br6 120.3(4) 
C4 C3 C2 120.6(5)   C8 C9 C10 119.3(5) 
C4 C3 Br3 119.4(4)   C8 C9 Br7 121.1(4) 
C2 C3 Br3 120.0(4)   C10 C9 Br7 119.5(4) 
C3 C4 C5 121.0(5)   C11 C10 C9 120.9(5) 
C3 C4 Br4 121.8(4)   C11 C10 Br8 117.5(4) 
C5 C4 Br4 117.1(4)   C9 C10 Br8 121.6(4) 
O1 C5 C4 121.8(5)   O3 C11 C10 122.1(4) 
O1 C5 C6 120.0(5)   O3 C11 C12 118.6(4) 
C4 C5 C6 118.3(5)   C10 C11 C12 119.3(4) 
N2 C6 C1 123.5(5)   N4 C12 C7 122.3(5) 
N2 C6 C5 115.8(5)   N4 C12 C11 118.2(4) 





Table I.3.7.6 Torsion Angles for b18710. 
A B C D Angle/˚   A B C D Angle/˚ 
C6 C1 C2 C3 -0.8(8)   C12 C7 C8 C9 0.9(8) 
Br1 C1 C2 C3 -180.0(4)   Br5 C7 C8 C9 -178.9(4) 
C6 C1 C2 Br2 179.1(4)   C12 C7 C8 Br6 -179.0(4) 
Br1 C1 C2 Br2 -0.1(6)   Br5 C7 C8 Br6 1.1(6) 
C1 C2 C3 C4 0.7(8)   C7 C8 C9 C10 -0.6(8) 
Br2 C2 C3 C4 -179.2(4)   Br6 C8 C9 C10 179.4(4) 
C1 C2 C3 Br3 -179.1(4)   C7 C8 C9 Br7 -178.7(4) 
Br2 C2 C3 Br3 1.0(6)   Br6 C8 C9 Br7 1.2(6) 
C2 C3 C4 C5 -0.4(8)   C8 C9 C10 C11 0.3(8) 
Br3 C3 C4 C5 179.4(4)   Br7 C9 C10 C11 178.4(4) 
C2 C3 C4 Br4 178.9(4)   C8 C9 C10 Br8 178.9(4) 
Br3 C3 C4 Br4 -1.3(6)   Br7 C9 C10 Br8 -3.0(6) 
C3 C4 C5 O1 -179.5(5)   C9 C10 C11 O3 -178.9(5) 
Br4 C4 C5 O1 1.2(7)   Br8 C10 C11 O3 2.4(7) 
C3 C4 C5 C6 0.2(8)   C9 C10 C11 C12 -0.4(8) 
Br4 C4 C5 C6 -179.2(4)   Br8 C10 C11 C12 -179.0(4) 
C2 C1 C6 N2 -178.3(5)   C8 C7 C12 N4 177.8(5) 
Br1 C1 C6 N2 0.9(7)   Br5 C7 C12 N4 -2.3(7) 
C2 C1 C6 C5 0.5(8)   C8 C7 C12 C11 -1.0(8) 
Br1 C1 C6 C5 179.7(4)   Br5 C7 C12 C11 178.9(4) 
O1 C5 C6 N2 -1.6(7)   O3 C11 C12 N4 0.5(8) 
C4 C5 C6 N2 178.7(5)   C10 C11 C12 N4 -178.1(5) 
O1 C5 C6 C1 179.4(5)   O3 C11 C12 C7 179.3(5) 










Table I.3.7.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b18710. 
Atom x y z U(eq) 
H1SA 8150(170) 4180(40) 10100(20) 36 
H1SB 6880(180) 4170(40) 9330(40) 36 
H1C 4917 6326 10847 22 
H2A 2293 4999 12662 16 
H2B 3344 5407 11684 16 
H3C 10224 5487 8673 20 
H4A 7773 7109 9532 16 
H4B 9630 6217 9462 16 
H1A 7163 7224 10274 17 
H1B 5227 6248 10766 17 
H2C 3327 5548 11683 20 
H3A 11517 5581 8863 16 
H3B 12636 5497 7993 16 
H4C 10328 6416 9345 20 
  
Table I.3.7.8 Atomic Occupancy for b18710. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 
O1 0.50   H1C 0.50   N2 0.50 
H2A 0.50   H2B 0.50   O3 0.50 
H3C 0.50   N4 0.50   H4A 0.50 
H4B 0.50   N1 0.50   H1A 0.50 
H1B 0.50   O2 0.50   H2C 0.50 
N3 0.50   H3A 0.50   H3B 0.50 











I.4 Crystal Data for Chapter 5 Compounds 
 
I.4.1. 2-chloroanilinium chloride 
Table I.4.1.1 Crystal data and structure refinement for AB53010. 
Identification code AB53010 
Empirical formula C12H14Cl4N2 
Formula weight 328.05 
Temperature/K 100 
Crystal system orthorhombic 












Crystal size/mm3 0.185 × 0.116 × 0.094 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 5.26 to 68.12 
Index ranges -24 ≤ h ≤ 24, -8 ≤ k ≤ 8, -13 ≤ l ≤ 13 
Reflections collected 17497 
Independent reflections 2803 [Rint = 0.0216, Rsigma = 0.0131] 
Data/restraints/parameters 2803/1/83 
Goodness-of-fit on F2 1.070 
Final R indexes [I>=2σ (I)] R1 = 0.0170, wR2 = 0.0479 
Final R indexes [all data] R1 = 0.0172, wR2 = 0.0480 
Largest diff. peak/hole / e Å-3 0.43/-0.24 





Table I.4.1.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for AB53010. Ueq is defined as 1/3 of of the trace 
of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
C4 -6576.4(5) 6671.1(15) -3054.4(9) 11.60(13) 
C1 -7158.6(6) 8347.9(16) -2402.7(10) 15.10(14) 
C2 -8038.3(6) 8061.8(18) -2683.3(12) 18.45(16) 
C3 -8326.6(5) 6093.2(19) -3600.7(11) 18.92(16) 
C0AA -6865.7(5) 4718.5(14) -3983.1(9) 12.75(12) 
C5 -7747.6(6) 4416.5(17) -4254.1(11) 17.01(14) 
Cl1 -9722.72(11) 1938.5(3) -5878.7(2) 13.59(4) 
N1AA -5653.5(5) 6951.6(14) -2749.3(9) 12.84(12) 
Cl0A -6130.45(12) 2658.4(4) -4803.5(3) 15.75(4) 
  
Table I.4.1.3 Anisotropic Displacement Parameters (Å2×103) for AB53010. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
C4 14.0(3) 9.8(3) 11.1(3) -1.0(2) 1.0(2) -1.3(2) 
C1 16.1(3) 13.0(3) 16.2(3) -3.3(3) 2.3(3) -0.5(3) 
C2 15.7(3) 18.5(4) 21.1(4) -3.4(3) 2.7(3) 1.0(3) 
C3 15.0(3) 19.9(4) 21.8(4) -2.1(3) 0.4(3) -2.8(3) 
C0AA 15.8(3) 10.5(3) 11.9(3) -1.1(2) 0.5(2) -0.9(2) 
C5 17.7(3) 15.3(3) 18.0(3) -2.4(3) -2.2(3) -3.2(3) 
Cl1 15.20(7) 11.08(7) 14.50(8) -1.56(6) 3.23(6) -0.40(5) 
N1AA 14.1(3) 10.9(3) 13.5(3) -1.2(2) 0.3(2) -1.0(2) 
Cl0A 20.27(8) 11.68(7) 15.30(8) -3.85(7) 1.71(7) 0.41(6) 
  
Table I.4.1.4 Bond Lengths for AB53010. 
Atom Atom Length/Å   Atom Atom Length/Å 
C4 C1 1.3902(12)   C2 C3 1.3909(13) 
C4 C0AA 1.3907(11)   C3 C5 1.3876(13) 
C4 N1AA 1.4623(11)   C0AA C5 1.3961(11) 




Table I.4.1.5 Bond Angles for AB53010. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C1 C4 C0AA 120.51(8)   C5 C3 C2 120.80(8) 
C1 C4 N1AA 119.69(7)   C4 C0AA C5 119.98(8) 
C0AA C4 N1AA 119.80(7)   C4 C0AA Cl0A 119.98(6) 
C4 C1 C2 119.57(8)   C5 C0AA Cl0A 120.05(6) 
C3 C2 C1 119.81(8)   C3 C5 C0AA 119.33(8) 
  
Table I.4.1.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for AB53010. 
Atom x y z U(eq) 
H1 -6958 9680 -1770 18 
H2 -8440 9208 -2249 22 
H3 -8927 5894 -3782 23 
H5 -7949 3077 -4880 20 
H1AA -5366 7126 -3656 15 
H1AB -5456 5568 -2247 15 













I.4.2. 4,4’-methylenebis(2,6-diethylanilinium) chloride 
Table I.4.2.1 Crystal data and structure refinement for b53511. 
Identification code b53511 
Empirical formula C21H31Cl2N2 
Formula weight 383.39 
Temperature/K 100.02 
Crystal system monoclinic 












Crystal size/mm3 0.241 × 0.223 × 0.157 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 5.22 to 65.94 
Index ranges -39 ≤ h ≤ 39, -12 ≤ k ≤ 11, -13 ≤ l ≤ 14 
Reflections collected 21785 
Independent reflections 3870 [Rint = 0.0441, Rsigma = 0.0305] 
Data/restraints/parameters 3870/0/117 
Goodness-of-fit on F2 1.050 
Final R indexes [I>=2σ (I)] R1 = 0.0304, wR2 = 0.0778 
Final R indexes [all data] R1 = 0.0379, wR2 = 0.0823 







Table I.4.2.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b53511. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cl1 2067.15(8) 1214.1(2) 3523.2(2) 16.33(6) 
N1 1860.5(3) -1801.2(9) 1645.8(8) 14.20(13) 
C11 1400.7(3) -3910.1(10) 2897.9(9) 14.04(15) 
C10 915.7(3) -2191.1(11) 1178.0(9) 15.51(15) 
C9 0 -5400.4(16) 2500 22.0(3) 
C8 1379.0(3) -2660.7(10) 1911.3(9) 13.48(14) 
C7 1874.0(3) -4291.5(11) 3848.8(9) 16.02(15) 
C6 473.1(3) -3087.1(11) 1404.4(10) 17.89(16) 
C5 945.0(3) -4772.8(10) 3075.6(10) 17.12(16) 
C4 481.8(3) -4398.3(11) 2327.1(10) 17.39(16) 
C3 865.1(4) -712.5(12) 235.8(10) 20.99(18) 
C2 1871.6(4) -3318.2(12) 5202.5(10) 21.78(18) 
C1 736.5(4) 828.7(12) 1036.4(13) 28.1(2) 
  
Table I.4.2.3 Anisotropic Displacement Parameters (Å2×103) for b53511. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cl1 16.89(10) 17.42(9) 15.09(10) -2.33(6) 4.00(7) -2.81(7) 
N1 13.0(3) 16.1(3) 13.5(3) -0.1(2) 1.6(2) 0.3(2) 
C11 13.4(3) 14.8(3) 14.0(3) -0.7(3) 1.8(3) 2.2(3) 
C10 13.9(4) 19.6(3) 13.1(3) 0.5(3) 1.2(3) 2.6(3) 
C9 13.8(5) 18.1(5) 34.3(7) 0 3.5(5) 0 
C8 12.2(3) 15.2(3) 13.2(3) -1.0(3) 2.2(3) 0.6(3) 
C7 13.5(4) 18.1(3) 16.5(4) 2.4(3) 1.1(3) 3.1(3) 
C6 13.0(4) 22.7(4) 17.8(4) 0.4(3) 0.3(3) 2.7(3) 
C5 15.4(4) 16.2(3) 20.2(4) 2.1(3) 3.8(3) 1.8(3) 
C4 13.0(4) 17.5(3) 22.0(4) -0.7(3) 3.2(3) 0.8(3) 
C3 16.4(4) 28.0(4) 18.7(4) 8.7(3) 1.8(3) 4.2(3) 
C2 23.4(4) 24.8(4) 16.7(4) -0.2(3) -1.3(3) 3.8(3) 





Table I.4.2.4 Bond Lengths for b53511. 
Atom Atom Length/Å   Atom Atom Length/Å 
N1 C8 1.4750(11)   C9 C4 1.5169(11) 
C11 C8 1.3982(12)   C9 C41 1.5169(11) 
C11 C7 1.5114(12)   C7 C2 1.5335(13) 
C11 C5 1.4007(12)   C6 C4 1.3963(13) 
C10 C8 1.4038(12)   C5 C4 1.3910(13) 
C10 C6 1.3955(12)   C3 C1 1.5320(15) 
C10 C3 1.5165(13)         
1-X,+Y,1/2-Z 
  
Table I.4.2.5 Bond Angles for b53511. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C8 C11 C7 123.78(8)   C10 C8 N1 119.14(7) 
C8 C11 C5 117.56(8)   C11 C7 C2 110.87(7) 
C5 C11 C7 118.49(8)   C10 C6 C4 122.13(8) 
C8 C10 C3 123.72(8)   C4 C5 C11 122.05(8) 
C6 C10 C8 117.47(8)   C6 C4 C9 120.93(8) 
C6 C10 C3 118.69(8)   C5 C4 C9 120.77(8) 
C4 C9 C41 114.38(11)   C5 C4 C6 118.30(8) 
C11 C8 N1 118.53(7)   C10 C3 C1 111.63(8) 











Table I.4.2.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b53511. 
Atom x y z U(eq) 
H1A 1846 -1475 744 17 
H1B 2134 -2484 1820 17 
H1C 1899 -914 2210 17 
H9A 63 -6113 3321 26 
H9B -63 -6113 1679 26 
H7A 2188 -4020 3376 19 
H7B 1882 -5472 4062 19 
H6 156 -2796 915 21 
H5 953 -5641 3728 21 
H3A 590 -912 -509 25 
H3B 1193 -545 -205 25 
H2A 1885 -2149 4997 33 
H2B 2173 -3621 5819 33 
H2C 1556 -3562 5657 33 
H1D 690 1747 391 42 
H1E 1020 1070 1733 42 













I.4.3. 3,3’-dimethylbenzidinium chloride 
Table I.4.3.1 Crystal data and structure refinement for ab8913_0m. 
Identification code ab8913_0m 
Empirical formula C7H9ClN 
Formula weight 142.60 
Temperature/K 99.98 
Crystal system orthorhombic 












Crystal size/mm3 0.205 × 0.127 × 0.122 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.06 to 51.46 
Index ranges -9 ≤ h ≤ 9, -11 ≤ k ≤ 11, -24 ≤ l ≤ 24 
Reflections collected 15502 
Independent reflections 2696 [Rint = 0.0835, Rsigma = 0.0614] 
Data/restraints/parameters 2696/1/167 
Goodness-of-fit on F2 1.046 
Final R indexes [I>=2σ (I)] R1 = 0.0421, wR2 = 0.0916 
Final R indexes [all data] R1 = 0.0602, wR2 = 0.1023 
Largest diff. peak/hole / e Å-3 0.33/-0.28 







Table I.4.3.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab8913_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cl1 -2100.5(12) -6816.1(8) -3475.1(4) 32.5(2) 
Cl2 -2958.1(12) -13508.7(8) 3086.2(4) 32.9(2) 
N1 -3890(4) -13620(2) 1555.2(14) 28.5(7) 
N2 -1105(4) -6694(2) -1966.5(15) 28.5(7) 
C3 -2690(5) -11360(3) 1219.1(17) 30.1(9) 
C4 -2354(5) -7306(3) -888.8(17) 27.5(8) 
C5 -2290(5) -10384(3) 733.0(17) 30.1(8) 
C6 -3344(5) -12646(3) 1032.3(16) 24.5(8) 
C7 -2180(4) -9661(3) -469.0(16) 22.7(8) 
C8 -2523(5) -10704(3) 63.2(16) 23.6(8) 
C9 -2687(5) -8264(3) -384.4(18) 26.9(8) 
C10 -3146(4) -12027(3) -109.4(16) 23.3(8) 
C11 -1408(5) -10052(3) -1064.6(15) 24.4(8) 
C12 -1550(5) -7735(3) -1462.0(15) 23.6(8) 
C13 -3590(4) -13021(3) 368.6(16) 21.8(7) 
C14 -1060(4) -9123(3) -1570.5(13) 22.7(8) 
C15 -4380(5) -14391(3) 173.0(16) 27.8(8) 











Table I.4.3.3 Anisotropic Displacement Parameters (Å2×103) for ab8913_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cl1 50.7(6) 26.2(4) 20.5(4) 1.1(4) -3.8(5) 0.4(4) 
Cl2 53.4(7) 23.4(4) 22.0(4) -2.3(3) -0.5(4) -4.2(4) 
N1 44(2) 26.2(14) 15.2(13) -0.3(12) 1.3(14) 3.7(12) 
N2 43.8(19) 21.6(13) 20.2(14) 1.2(11) -5.6(14) 1.7(12) 
C3 48(3) 30.6(19) 11.4(16) -2.7(14) -6.6(16) 1.6(16) 
C4 41(2) 17.7(14) 23.5(18) -1.4(14) -6.0(17) 3.7(15) 
C5 46(2) 22.2(16) 22.0(19) -3.2(14) -5.6(18) -1.4(17) 
C6 33(2) 21.7(16) 18.3(17) 3.4(13) -0.1(15) 6.2(15) 
C7 27(2) 23.2(16) 18.4(18) -0.7(13) -6.2(15) -5.0(14) 
C8 32(2) 22.6(16) 16.0(18) -2.2(14) 0.1(15) 4.6(15) 
C9 41(2) 22.9(17) 17.2(16) -6.4(13) -0.1(16) -0.1(15) 
C10 32(2) 24.0(16) 13.5(16) -1.3(13) -0.6(15) 2.1(14) 
C11 34(2) 17.4(15) 21.8(17) 0.5(13) -5.2(15) 0.0(15) 
C12 39(2) 18.3(15) 13.5(17) 0.8(13) -6.5(15) 1.0(15) 
C13 27.5(19) 22.2(16) 15.7(16) 0.1(13) 0.5(16) 5.1(15) 
C14 32(2) 21.2(16) 15.5(17) 0.2(13) -7.0(15) -3.6(14) 
C15 39(2) 24.8(16) 19.4(17) 1.3(13) 0.5(15) -3.8(16) 
C16 45(2) 21.6(15) 19.6(16) -2.8(13) 1.3(17) 3.7(16) 
  
Table I.4.3.4 Bond Lengths for ab8913_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
N1 C6 1.458(4)   C7 C9 1.389(4) 
N2 C12 1.452(4)   C7 C11 1.385(5) 
C3 C5 1.377(5)   C8 C10 1.385(4) 
C3 C6 1.369(5)   C10 C13 1.385(4) 
C4 C9 1.381(5)   C11 C14 1.368(4) 
C4 C12 1.368(5)   C12 C14 1.383(4) 
C5 C8 1.387(5)   C13 C15 1.485(4) 
C6 C13 1.389(4)   C14 C16 1.516(4) 





Table I.4.3.5 Bond Angles for ab8913_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C6 C3 C5 119.0(3)   C4 C9 C7 118.8(3) 
C12 C4 C9 120.3(3)   C8 C10 C13 121.8(3) 
C3 C5 C8 120.6(3)   C14 C11 C7 123.5(3) 
C3 C6 N1 118.2(3)   C4 C12 N2 119.4(3) 
C3 C6 C13 122.6(3)   C4 C12 C14 122.6(3) 
C13 C6 N1 119.1(3)   C14 C12 N2 117.9(3) 
C9 C7 C8 119.8(3)   C6 C13 C15 122.1(3) 
C11 C7 C8 121.4(3)   C10 C13 C6 117.0(3) 
C11 C7 C9 118.8(3)   C10 C13 C15 120.8(3) 
C5 C8 C7 122.0(3)   C11 C14 C12 116.0(3) 
C10 C8 C5 118.9(3)   C11 C14 C16 122.5(3) 
C10 C8 C7 119.1(3)   C12 C14 C16 121.4(3) 
  
Table I.4.3.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab8913_0m. 
Atom x y z U(eq) 
H1A -3486 -14503 1463 34 
H1B -5062 -13640 1574 34 
H1C -3461 -13327 1955 34 
H2A -1514 -6981 -2370 34 
H2B 62 -6601 -1988 34 
H2C -1585 -5846 -1858 34 
H3 -2516 -11145 1677 36 
H4 -2685 -6344 -837 33 
H5 -1851 -9484 857 36 
H9 -3252 -7972 13 32 
H10 -3273 -12260 -568 28 
H11 -1105 -11017 -1125 29 
H15A -3698 -15171 359 42 
H15B -4401 -14467 -315 42 
H15C -5560 -14441 346 42 
H16A 1029 -9182 -2206 43 
H16B -778 -9196 -2593 43 




I.4.4. 2,6-diethylanilinium chloride 
Table I.4.4.1 Crystal data and structure refinement for b12810. 
Identification code b12810 
Empirical formula C10H16ClN 
Formula weight 185.69 
Temperature/K 296(2) 
Crystal system Monoclinic 












Crystal size/mm3 0.26 × 0.20 × 0.14 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.36 to 52.86 
Index ranges -15 ≤ h ≤ 15, -25 ≤ k ≤ 25, -10 ≤ l ≤ 7 
Reflections collected 24979 
Independent reflections 4391 [Rint = 0.0428, Rsigma = 0.0367] 
Data/restraints/parameters 4391/0/223 
Goodness-of-fit on F2 1.024 
Final R indexes [I>=2σ (I)] R1 = 0.0398, wR2 = 0.0873 
Final R indexes [all data] R1 = 0.0740, wR2 = 0.1042 







Table I.4.4.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b12810. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cl1 7647.1(4) 2235.3(2) 2646.2(5) 42.48(14) 
Cl2 2627.9(5) 5669.6(3) 7467.1(8) 70.6(2) 
N1 8743.2(12) 1610.7(7) 5672.4(17) 38.8(4) 
N2 6405.1(12) 3288.8(7) 4708.0(18) 40.3(4) 
C1 9885.6(15) 1397.2(9) 5425(2) 38.5(4) 
C2 10716.3(16) 1638(1) 6380(2) 46.6(5) 
C3 11782.3(18) 1420.3(13) 6098(3) 65.2(7) 
C4 11987(2) 984.8(13) 4934(3) 72.1(7) 
C5 11146(2) 745.1(11) 4021(3) 61.5(6) 
C6 10059.4(17) 945.6(9) 4243(2) 44.7(5) 
C7 10505.4(18) 2080.6(11) 7734(3) 57.0(6) 
C8 10118(2) 1700.3(13) 9144(3) 77.5(8) 
C9 9112(2) 686.5(10) 3283(3) 59.4(6) 
C10 9382(2) 189.5(13) 2052(3) 83.7(8) 
C11 5262.1(15) 3409.7(9) 5184(2) 38.3(4) 
C12 5061.2(17) 3980.8(9) 6007(2) 44.3(5) 
C13 3971.5(19) 4104.8(11) 6399(3) 57.5(6) 
C14 3143.9(19) 3676.2(14) 5997(3) 65.8(7) 
C15 3379.3(18) 3107.9(12) 5239(3) 58.2(6) 
C16 4453.7(16) 2954.9(10) 4816(2) 44.0(5) 
C17 6001.7(19) 4432(1) 6458(3) 60.8(6) 
C18 5750(2) 4972.2(13) 7573(3) 86.7(8) 
C19 4696.8(18) 2304.5(10) 4091(2) 54.6(6) 








Table I.4.4.3 Anisotropic Displacement Parameters (Å2×103) for b12810. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cl1 50.0(3) 39.3(3) 38.2(3) 0.9(2) 0.0(2) 0.7(2) 
Cl2 81.9(4) 41.7(3) 89.1(5) 7.8(3) 44.5(4) 6.2(3) 
N1 43.1(9) 37.7(9) 35.7(9) -1.6(7) 3.1(7) 3.6(7) 
N2 46.1(9) 37.3(9) 37.7(9) 1.8(7) 3.9(7) 3.0(7) 
C1 40(1) 37.2(10) 38.4(11) 8.8(9) 8.0(9) 5.7(8) 
C2 42.8(11) 49.0(12) 48.0(13) 7.2(10) 1.1(10) 1.2(9) 
C3 44.4(13) 80.7(17) 70.7(17) 8.8(14) 2.3(12) 2.1(12) 
C4 47.7(13) 93(2) 75.5(18) 13.2(16) 16.8(13) 20.5(13) 
C5 68.9(16) 64.3(15) 51.7(14) 4.5(12) 18.6(12) 22.2(12) 
C6 54.7(12) 40.8(11) 38.7(12) 7.0(9) 9.1(9) 10.1(9) 
C7 55.4(13) 55.7(14) 59.6(15) -6.7(11) -15.4(11) 1.2(10) 
C8 99(2) 83.1(19) 50.8(15) -9.7(14) -6.7(14) 10.9(15) 
C9 79.8(16) 47.4(13) 50.9(14) -9.5(11) 2.0(12) 12.1(11) 
C10 114(2) 70.5(18) 66.4(17) -21.7(14) 6.4(16) 16.6(16) 
C11 42.1(10) 44.7(11) 27.9(10) 4.5(8) 1.3(8) 7.5(8) 
C12 55.7(12) 41.9(11) 35.3(11) 4.9(9) 3.0(9) 10.4(9) 
C13 67.6(15) 56.7(14) 48.4(14) 2.1(11) 8.9(11) 23.0(12) 
C14 46.3(13) 93(2) 58.1(15) 0.7(14) 1.4(11) 19.2(13) 
C15 44.3(12) 82.0(17) 48.3(14) 0.7(12) -6.9(10) -1.5(11) 
C16 47.7(12) 54.8(13) 29.4(11) 1.8(9) -4.1(9) 1.7(9) 
C17 74.7(16) 44.7(13) 63.0(16) -7.0(11) 10.1(12) 0.1(11) 
C18 108(2) 71.1(17) 81(2) -25.1(16) 1.4(16) 0.8(16) 
C19 57.8(13) 61.2(14) 44.8(13) -12.4(11) -1.6(10) -12.2(11) 









Table I.4.4.4 Bond Lengths for b12810. 
Atom Atom Length/Å   Atom Atom Length/Å 
N1 C1 1.468(2)   C9 C10 1.509(3) 
N2 C11 1.468(2)   C11 C16 1.387(3) 
C1 C2 1.386(3)   C11 C12 1.392(3) 
C1 C6 1.394(3)   C12 C13 1.388(3) 
C2 C3 1.389(3)   C12 C17 1.515(3) 
C2 C7 1.501(3)   C13 C14 1.375(3) 
C3 C4 1.367(3)   C14 C15 1.366(3) 
C4 C5 1.372(3)   C15 C16 1.390(3) 
C5 C6 1.394(3)   C16 C19 1.503(3) 
C6 C9 1.506(3)   C17 C18 1.499(3) 
C7 C8 1.522(3)   C19 C20 1.519(3) 
  
Table I.4.4.5 Bond Angles for b12810. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C2 C1 C6 123.90(18)   C16 C11 C12 123.80(18) 
C2 C1 N1 119.18(17)   C16 C11 N2 119.20(17) 
C6 C1 N1 116.90(17)   C12 C11 N2 116.99(17) 
C1 C2 C3 116.9(2)   C13 C12 C11 116.6(2) 
C1 C2 C7 123.35(18)   C13 C12 C17 122.68(19) 
C3 C2 C7 119.7(2)   C11 C12 C17 120.67(18) 
C4 C3 C2 120.9(2)   C14 C13 C12 120.9(2) 
C3 C4 C5 121.1(2)   C15 C14 C13 120.7(2) 
C4 C5 C6 120.8(2)   C14 C15 C16 121.2(2) 
C1 C6 C5 116.4(2)   C11 C16 C15 116.65(19) 
C1 C6 C9 121.12(18)   C11 C16 C19 123.46(18) 
C5 C6 C9 122.46(19)   C15 C16 C19 119.77(19) 
C2 C7 C8 111.50(18)   C18 C17 C12 117.3(2) 







Table I.4.4.6 Torsion Angles for b12810. 
A B C D Angle/˚   A B C D Angle/˚ 
C6 C1 C2 C3 1.5(3)   C16 C11 C12 C13 -3.3(3) 
N1 C1 C2 C3 179.97(17)   N2 C11 C12 C13 177.48(16) 
C6 C1 C2 C7 
-
174.68(19) 
  C16 C11 C12 C17 175.89(19) 
N1 C1 C2 C7 3.8(3)   N2 C11 C12 C17 -3.3(3) 
C1 C2 C3 C4 -0.5(3)   C11 C12 C13 C14 0.6(3) 
C7 C2 C3 C4 175.9(2)   C17 C12 C13 C14 -178.6(2) 
C2 C3 C4 C5 -0.6(4)   C12 C13 C14 C15 1.9(4) 
C3 C4 C5 C6 0.8(4)   C13 C14 C15 C16 -1.8(4) 
C2 C1 C6 C5 -1.4(3)   C12 C11 C16 C15 3.4(3) 
N1 C1 C6 C5 
-
179.84(16) 
  N2 C11 C16 C15 
-
177.42(17) 
C2 C1 C6 C9 177.85(19)   C12 C11 C16 C19 
-
172.68(18) 
N1 C1 C6 C9 -0.6(3)   N2 C11 C16 C19 6.5(3) 
C4 C5 C6 C1 0.2(3)   C14 C15 C16 C11 -0.7(3) 
C4 C5 C6 C9 -179.0(2)   C14 C15 C16 C19 175.5(2) 
C1 C2 C7 C8 79.9(3)   C13 C12 C17 C18 9.6(3) 
C3 C2 C7 C8 -96.2(2)   C11 C12 C17 C18 -169.6(2) 
C1 C6 C9 C10 -178.8(2)   C11 C16 C19 C20 79.0(3) 











Table I.4.4.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b12810. 
Atom x y z U(eq) 
H1A 8361 1288 6103 58 
H1B 8436 1717 4766 58 
H1C 8741 1956 6298 58 
H2A 6426 2939 4096 60 
H2B 6825 3220 5545 60 
H2C 6657 3634 4194 60 
H3 12364 1573 6708 78 
H4 12708 849 4758 87 
H5 11304 445 3245 74 
H7A 9948 2399 7446 68 
H7B 11178 2314 7995 68 
H8A 9434 1484 8901 116 
H8B 10010 1995 9995 116 
H8C 10665 1382 9425 116 
H9A 8752 1054 2781 71 
H9B 8581 493 3982 71 
H10A 9890 376 1326 126 
H10B 8717 63 1517 126 
H10C 9712 -187 2529 126 
H13 3799 4483 6941 69 
H14 2416 3774 6243 79 
H15 2811 2819 5003 70 
H17A 6588 4168 6906 73 
H17B 6287 4626 5517 73 
H18A 5194 5252 7133 130 
H18B 6408 5220 7772 130 
H18C 5487 4790 8527 130 
H19A 5243 2363 3286 65 
H19B 4029 2139 3602 65 
H20A 5805 1951 5692 103 
H20B 5236 1395 4729 103 






I.4.5. 3,3’-dimethoxybenzidinium chloride 
Table I.4.5.1 Crystal data and structure refinement for b53711. 
Identification code b53711 
Empirical formula C14H18Cl2N2O2 
Formula weight 370.13 
Temperature/K 99.98 
Crystal system triclinic 












Crystal size/mm3 0.194 × 0.122 × 0.087 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 4.8 to 64.04 
Index ranges -7 ≤ h ≤ 7, -12 ≤ k ≤ 11, -11 ≤ l ≤ 13 
Reflections collected 8066 
Independent reflections 2528 [Rint = 0.0292, Rsigma = 0.0308] 
Data/restraints/parameters 2528/0/93 
Goodness-of-fit on F2 1.089 
Final R indexes [I>=2σ (I)] R1 = 0.0302, wR2 = 0.0748 
Final R indexes [all data] R1 = 0.0366, wR2 = 0.0782 







Table I.4.5.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b53711. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cl1 2077.6(5) 3239.0(3) 1875.5(3) 14.59(8) 
O1 9519.2(14) 2335.1(10) -1278.6(9) 15.73(16) 
N1 12950.3(17) 4752.2(11) -1702.2(10) 13.44(17) 
C7 13550(2) 3418.0(13) -2726.4(12) 12.00(18) 
C6 14688.3(19) 728.7(13) -4531.7(11) 12.09(19) 
C5 16448(2) 2036.9(14) -4793.5(12) 14.6(2) 
C4 12308.5(19) 803.3(13) -3349.3(12) 13.15(19) 
C3 11737.3(19) 2142.6(13) -2457.0(12) 12.27(18) 
C2 7635(2) 1026.5(13) -892.0(13) 15.1(2) 
C1 15882(2) 3373.6(13) -3892.3(12) 13.79(19) 
  
Table I.4.5.3 Anisotropic Displacement Parameters (Å2×103) for b53711. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cl1 11.99(11) 14.11(12) 16.08(12) -2.01(8) -0.92(8) -2.22(8) 
O1 10.8(3) 14.6(4) 18.4(4) -5.5(3) 3.3(3) -3.9(3) 
N1 11.6(4) 12.9(4) 14.3(4) -2.5(3) -0.7(3) -2.0(3) 
C7 12.1(4) 11.4(4) 11.9(4) -2.1(3) -1.8(3) -0.5(3) 
C6 11.4(4) 13.7(5) 10.2(4) -0.9(3) -1.3(3) -1.2(4) 
C5 12.7(4) 15.8(5) 12.7(4) -1.8(3) 1.1(3) -2.7(4) 
C4 10.3(4) 13.4(5) 14.4(4) -2.3(3) -0.7(3) -2.5(3) 
C3 9.9(4) 13.4(5) 12.1(4) -0.8(3) -0.7(3) -1.0(3) 
C2 10.2(4) 14.4(5) 18.0(5) -1.7(4) 0.5(4) -3.6(4) 
C1 12.5(4) 13.6(5) 13.6(4) -0.5(3) -0.8(3) -3.4(4) 
  
Table I.4.5.4 Bond Lengths for b53711. 
Atom Atom Length/Å   Atom Atom Length/Å 
O1 C3 1.3653(12)   C6 C61 1.496(2) 
O1 C2 1.4364(13)   C6 C5 1.4002(15) 
N1 C7 1.4605(13)   C6 C4 1.4130(14) 
C7 C3 1.3982(14)   C5 C1 1.3942(15) 




Table I.4.5.5 Bond Angles for b53711. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C3 O1 C2 117.50(8)   C1 C5 C6 120.75(9) 
C3 C7 N1 117.93(9)   C3 C4 C6 120.66(9) 
C1 C7 N1 121.44(9)   O1 C3 C7 114.84(9) 
C1 C7 C3 120.59(10)   O1 C3 C4 125.62(9) 
C5 C6 C61 121.01(11)   C4 C3 C7 119.52(9) 
C5 C6 C4 118.57(9)   C7 C1 C5 119.90(10) 
C4 C6 C61 120.42(11)           
13-X,-Y,-1-Z 
  
Table I.4.5.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b53711. 
Atom x y z U(eq) 
H1A 14347 5436 -1921 16 
H1B 12565 4319 -678 16 
H1C 11565 5333 -1870 16 
H5 18046 2013 -5594 17 
H4 11086 -70 -3162 16 
H2A 6998 904 -1805 23 
H2B 6182 1291 -3 23 
H2C 8441 -8 -605 23 










I.4.6. 2,4-di-tert-butylanilinium chloride 
Table I.4.6.1 Crystal data and structure refinement for b23609. 
Identification code b23609 
Empirical formula C14H24ClN 
Formula weight 241.79 
Temperature/K 100(2) 
Crystal system Triclinic 












Crystal size/mm3 0.52 × 0.08 × 0.07 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 2.68 to 54.46 
Index ranges -12 ≤ h ≤ 12, -13 ≤ k ≤ 8, -20 ≤ l ≤ 20 
Reflections collected 19718 
Independent reflections 6200 [Rint = 0.0494, Rsigma = 0.0787] 
Data/restraints/parameters 6200/0/303 
Goodness-of-fit on F2 1.007 
Final R indexes [I>=2σ (I)] R1 = 0.0459, wR2 = 0.0939 
Final R indexes [all data] R1 = 0.0929, wR2 = 0.1119 







Table I.4.6.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b23609. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cl1 5948.0(6) 1710.2(6) 9476.3(3) 19.77(14) 
Cl2 860.9(6) 1746.8(6) 9609.2(3) 19.61(14) 
N1 2133(2) 8569.5(18) 9239.9(11) 17.1(4) 
N2 7025(2) 8437.2(19) 9234.8(11) 18.1(4) 
C1 2934(2) 7456(2) 8558.2(13) 15.5(5) 
C2 2790(2) 7587(2) 7708.1(14) 16.5(5) 
C3 3546(2) 6370(2) 7184.5(14) 17.6(5) 
C4 4365(2) 5096(2) 7464.8(14) 17.1(5) 
C5 4499(2) 5047(2) 8313.3(14) 19.0(5) 
C6 3795(2) 6220(2) 8849.8(14) 18.8(5) 
C7 1860(3) 8942(2) 7354.8(14) 19.2(5) 
C8 2583(3) 10029(2) 7297.4(15) 22.3(5) 
C9 1803(3) 8725(3) 6427.9(15) 29.8(6) 
C10 203(2) 9499(3) 7937.1(16) 26.7(6) 
C11 5015(2) 3759(2) 6916.0(14) 19.9(5) 
C12 4928(3) 4003(3) 5973.3(15) 32.2(6) 
C13 4105(3) 2848(2) 7353.0(16) 27.6(6) 
C14 6686(3) 2981(3) 6879.2(15) 26.5(6) 
C15 7261(2) 8099(2) 8312.3(14) 17.3(5) 
C16 6607(3) 9211(2) 7842.2(15) 21.9(5) 
C17 6782(2) 9049(2) 6960.9(15) 22.2(5) 
C18 7606(2) 7775(2) 6531.6(14) 18.8(5) 
C19 8230(2) 6674(2) 7032.4(14) 19.0(5) 
C20 8096(2) 6771(2) 7924.2(14) 17.3(5) 
C21 7873(3) 7587(2) 5548.6(14) 21.5(5) 
C22 9435(3) 7644(3) 5056.8(16) 35.7(7) 
C23 6681(3) 8719(3) 5201.2(16) 40.1(7) 
C24 7822(3) 6201(3) 5345.6(16) 36.4(7) 
C25 8858(2) 5488(2) 8405.3(14) 17.5(5) 
C26 9430(3) 4156(2) 7847.0(16) 27.9(6) 
C27 7767(3) 5282(3) 9269.6(15) 27.0(6) 




Table I.4.6.3 Anisotropic Displacement Parameters (Å2×103) for b23609. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cl1 17.2(3) 18.9(3) 23.1(3) 0.7(2) -7.8(2) -4.8(2) 
Cl2 17.0(3) 17.1(3) 24.6(3) 1.3(2) -8.7(2) -4.0(2) 
N1 15.1(9) 16.6(10) 20.2(10) 1.0(8) -7.0(8) -5.3(8) 
N2 14.2(9) 16.8(10) 22.7(10) -0.5(8) -7.1(8) -3.4(8) 
C1 12.4(10) 15.1(12) 19.6(11) -0.8(9) -3.3(9) -6.4(9) 
C2 11.1(10) 18.4(12) 22.4(12) 3.9(9) -5.8(9) -8.0(9) 
C3 17.3(11) 20.5(12) 18.8(11) 2.8(9) -7.2(9) -10(1) 
C4 12.3(10) 19.7(12) 21.8(12) 2.1(9) -4.6(9) -9(1) 
C5 14.9(11) 16.2(12) 24.3(12) 3.9(9) -7.0(9) -3.6(10) 
C6 16.0(11) 21.3(13) 19.2(11) 3.6(9) -6.3(9) -6.7(10) 
C7 20.3(12) 18.3(12) 22.5(12) 2.2(9) -10.7(9) -7.8(10) 
C8 22.3(12) 17.1(12) 25.7(12) 4.9(10) -6.2(10) -6.8(10) 
C9 39.8(15) 21.0(14) 32.9(14) 6.3(11) -22.8(12) -7.1(12) 
C10 17.2(12) 24.8(14) 39.5(14) 8.2(11) -14.3(11) -6.0(11) 
C11 16.9(11) 15.8(12) 26.8(12) 0.0(9) -6.2(10) -5.7(10) 
C12 41.6(16) 25.2(15) 30.5(14) -6.6(11) -14.2(12) -8.2(12) 
C13 18.8(12) 17.3(13) 45.4(15) -3.7(11) -6.7(11) -6.4(10) 
C14 18.8(12) 27.6(14) 31.2(13) -6.4(11) -2.9(10) -8.2(11) 
C15 11.2(10) 20.6(13) 20.4(11) 0.0(9) -6.0(9) -4.9(10) 
C16 21.0(12) 16.5(12) 26.3(13) -2(1) -10.2(10) -1.3(10) 
C17 19.6(12) 18.8(13) 28.1(13) 4.8(10) -13.6(10) -2.5(10) 
C18 13.8(11) 19.2(13) 22.8(12) 2.1(9) -5.7(9) -5.3(10) 
C19 15.0(11) 16.9(12) 22.5(12) -0.9(9) -4.4(9) -3.4(10) 
C20 11.5(10) 17.8(12) 22.4(12) 2.1(9) -4.4(9) -5.8(9) 
C21 18.5(11) 21.5(13) 20.5(12) 2(1) -5.9(9) -3(1) 
C22 30.1(14) 47.3(18) 27.6(14) -3.0(12) -1.0(11) -16.7(13) 
C23 36.6(16) 45.7(18) 22.4(13) 4.3(12) -11.1(12) 3.8(14) 
C24 54.4(18) 36.5(17) 28.1(14) 3.7(12) -19.0(13) -22.3(14) 
C25 15.5(11) 16.4(12) 21.5(11) 1.8(9) -7.6(9) -5.1(10) 
C26 35.1(14) 17.5(13) 34.6(14) 4.2(10) -20.8(12) -5.8(11) 
C27 17.9(12) 26.1(14) 35.7(14) 13.1(11) -9.2(11) -8.1(11) 





Table I.4.6.4 Bond Lengths for b23609. 
Atom Atom Length/Å   Atom Atom Length/Å 
N1 C1 1.473(3)   C11 C14 1.539(3) 
N2 C15 1.470(3)   C15 C16 1.383(3) 
C1 C6 1.388(3)   C15 C20 1.403(3) 
C1 C2 1.395(3)   C16 C17 1.380(3) 
C2 C3 1.402(3)   C17 C18 1.383(3) 
C2 C7 1.541(3)   C18 C19 1.397(3) 
C3 C4 1.393(3)   C18 C21 1.525(3) 
C4 C5 1.393(3)   C19 C20 1.396(3) 
C4 C11 1.524(3)   C20 C25 1.541(3) 
C5 C6 1.377(3)   C21 C24 1.527(3) 
C7 C9 1.533(3)   C21 C23 1.532(3) 
C7 C8 1.534(3)   C21 C22 1.536(3) 
C7 C10 1.542(3)   C25 C28 1.531(3) 
C11 C12 1.525(3)   C25 C27 1.532(3) 















Table I.4.6.5 Bond Angles for b23609. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C6 C1 C2 122.2(2)   C16 C15 C20 122.0(2) 
C6 C1 N1 113.87(18)   C16 C15 N2 114.38(19) 
C2 C1 N1 123.86(19)   C20 C15 N2 123.66(19) 
C1 C2 C3 114.82(19)   C17 C16 C15 120.5(2) 
C1 C2 C7 123.87(19)   C16 C17 C18 120.8(2) 
C3 C2 C7 121.30(19)   C17 C18 C19 117.0(2) 
C4 C3 C2 124.7(2)   C17 C18 C21 121.6(2) 
C3 C4 C5 117.4(2)   C19 C18 C21 121.3(2) 
C3 C4 C11 123.3(2)   C20 C19 C18 124.9(2) 
C5 C4 C11 119.14(19)   C19 C20 C15 114.9(2) 
C6 C5 C4 120.0(2)   C19 C20 C25 120.31(19) 
C5 C6 C1 120.7(2)   C15 C20 C25 124.82(19) 
C9 C7 C8 107.32(18)   C18 C21 C24 110.88(19) 
C9 C7 C2 111.49(19)   C18 C21 C23 112.34(19) 
C8 C7 C2 110.11(18)   C24 C21 C23 107.2(2) 
C9 C7 C10 106.25(19)   C18 C21 C22 108.36(19) 
C8 C7 C10 110.28(19)   C24 C21 C22 109.6(2) 
C2 C7 C10 111.26(18)   C23 C21 C22 108.4(2) 
C4 C11 C12 112.73(19)   C28 C25 C27 109.54(18) 
C4 C11 C13 108.11(18)   C28 C25 C26 106.99(18) 
C12 C11 C13 108.5(2)   C27 C25 C26 106.16(19) 
C4 C11 C14 110.53(19)   C28 C25 C20 110.10(18) 
C12 C11 C14 107.91(19)   C27 C25 C20 112.24(18) 










Table I.4.6.6 Torsion Angles for b23609. 
A B C D Angle/˚   A B C D Angle/˚ 
C6 C1 C2 C3 1.6(3)   C20 C15 C16 C17 -1.2(3) 
N1 C1 C2 C3 
-
174.73(18) 
  N2 C15 C16 C17 177.9(2) 
C6 C1 C2 C7 -179.4(2)   C15 C16 C17 C18 0.4(3) 
N1 C1 C2 C7 4.3(3)   C16 C17 C18 C19 0.5(3) 
C1 C2 C3 C4 1.4(3)   C16 C17 C18 C21 -177.2(2) 
C7 C2 C3 C4 -177.7(2)   C17 C18 C19 C20 -0.7(3) 
C2 C3 C4 C5 -3.2(3)   C21 C18 C19 C20 177.0(2) 
C2 C3 C4 C11 172.5(2)   C18 C19 C20 C15 -0.1(3) 
C3 C4 C5 C6 2.1(3)   C18 C19 C20 C25 -179.0(2) 
C11 C4 C5 C6 -173.8(2)   C16 C15 C20 C19 1.0(3) 
C4 C5 C6 C1 0.6(3)   N2 C15 C20 C19 
-
177.97(19) 
C2 C1 C6 C5 -2.6(3)   C16 C15 C20 C25 179.9(2) 
N1 C1 C6 C5 174.04(19)   N2 C15 C20 C25 0.9(3) 
C1 C2 C7 C9 -174.9(2)   C17 C18 C21 C24 -142.8(2) 
C3 C2 C7 C9 4.1(3)   C19 C18 C21 C24 39.5(3) 
C1 C2 C7 C8 66.1(3)   C17 C18 C21 C23 -22.8(3) 
C3 C2 C7 C8 -114.9(2)   C19 C18 C21 C23 159.5(2) 
C1 C2 C7 C10 -56.5(3)   C17 C18 C21 C22 96.9(2) 
C3 C2 C7 C10 122.5(2)   C19 C18 C21 C22 -80.8(3) 
C3 C4 C11 C12 10.6(3)   C19 C20 C25 C28 107.1(2) 
C5 C4 C11 C12 -173.8(2)   C15 C20 C25 C28 -71.7(3) 
C3 C4 C11 C13 -109.4(2)   C19 C20 C25 C27 -130.6(2) 
C5 C4 C11 C13 66.2(3)   C15 C20 C25 C27 50.6(3) 
C3 C4 C11 C14 131.4(2)   C19 C20 C25 C26 -11.6(3) 








Table I.4.6.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b23609. 
Atom x y z U(eq) 
H1A 1968 9404 8980 26 
H1B 2705 8486 9607 26 
H1C 1231 8506 9553 26 
H2A 6770 9364 9303 27 
H2B 7893 7979 9385 27 
H2C 6267 8178 9588 27 
H3 3497 6417 6596 21 
H5 5077 4204 8522 23 
H6 3899 6182 9426 23 
H8A 1987 10885 7069 33 
H8B 3618 9682 6902 33 
H8C 2607 10216 7884 33 
H9A 1366 8019 6438 45 
H9B 2831 8421 6023 45 
H9C 1177 9596 6231 45 
H10A -389 10291 7658 40 
H10B 166 9791 8515 40 
H10C -219 8770 8009 40 
H12A 3869 4467 5979 48 
H12B 5356 3114 5651 48 
H12C 5505 4586 5685 48 
H13A 4228 2610 7941 41 
H13B 4472 2000 6995 41 
H13C 3032 3353 7403 41 
H14A 7269 3570 6620 40 
H14B 7089 2131 6518 40 
H14C 6762 2747 7476 40 
H16 6034 10092 8128 26 
H17 6332 9823 6645 27 
H19 8787 5792 6744 23 
H22A 9451 8550 5166 53 
H22B 9638 7500 4424 53 
H22C 10214 6918 5266 53 
H23A 5669 8755 5546 60 
H23B 6845 8512 4582 60 
H23C 6768 9614 5254 60 
H24A 8619 5447 5523 55 
H24B 7982 6109 4713 55 
H24C 6833 6158 5670 55 
A136
H26A 10224 4188 7314 42 
H26B 8589 4074 7683 42 
H26C 9840 3356 8188 42 
H27A 8251 4391 9511 40 
H27B 6844 5295 9159 40 
H27C 7509 6029 9692 40 
H28A 10948 5704 8034 32 
H28B 10732 4769 8877 32 
H28C 9906 6415 8976 32 
 
I.4.7. 4,4’-methylenebis(2,6-diethylanilinium) bromide 
Table I.4.7.1 Crystal data and structure refinement for ab52511_0m. 
Identification code ab52511_0m 
Empirical formula C21H31Br2N2 
Formula weight 394.38 
Temperature/K 100(2) 
Crystal system Monoclinic 












Crystal size/mm3 ? × ? × ? 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.76 to 67.32 
Index ranges -21 ≤ h ≤ 21, -27 ≤ k ≤ 27, -13 ≤ l ≤ 13 
Reflections collected 23424 
Independent reflections 4065 [Rint = 0.1534, Rsigma = 0.1052] 
Data/restraints/parameters 4065/0/117 
Goodness-of-fit on F2 1.067 
Final R indexes [I>=2σ (I)] R1 = 0.0768, wR2 = 0.1888 
Final R indexes [all data] R1 = 0.1386, wR2 = 0.2249 




Table I.4.7.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for ab52511_0m. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 1004.7(3) 4014.8(3) 5850.7(6) 30.56(18) 
C1 2318(3) 3952(3) 438(5) 27.4(9) 
N1 1382(3) 4317(2) -381(5) 30.0(9) 
C5 4050(4) 3854(3) 901(7) 34.6(11) 
C3 3197(3) 2965(3) 2059(6) 35.1(11) 
C2 2299(3) 3324(3) 1380(5) 29.1(10) 
C6 3179(3) 4242(3) 180(5) 29.4(10) 
C4 4064(3) 3221(3) 1807(7) 39.1(13) 
C9 3220(4) 4947(3) -745(6) 36.5(12) 
C11 5000 2773(4) 2500 69(4) 
C10 3567(4) 5623(3) 307(6) 36.4(11) 
C7 1364(4) 3069(3) 1702(7) 39.6(12) 
C8 1454(5) 2385(4) 2780(7) 49.5(15) 
  
Table I.4.7.3 Anisotropic Displacement Parameters (Å2×103) for ab52511_0m. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 25.6(3) 33.2(3) 32.6(3) -6.16(18) 7.83(19) -11.43(18) 
C1 21(2) 36(2) 20(2) -7.2(16) -4.0(15) 14.3(17) 
N1 24.7(19) 38(2) 25(2) 3.5(16) 2.2(15) 16.9(16) 
C5 19(2) 36(3) 38(3) -14(2) -8.9(19) 6.1(18) 
C3 28(2) 24(2) 39(3) -4.9(19) -13.1(19) 8.0(18) 
C2 25(2) 31(2) 24(2) -7.3(17) -6.1(17) 9.2(17) 
C6 25(2) 36(2) 21(2) -8.2(17) -3.2(17) 11.0(18) 
C4 20(2) 23(2) 56(3) -14(2) -19(2) 7.5(17) 
C9 28(2) 56(3) 23(2) 3(2) 2.0(19) 12(2) 
C11 22(4) 25(4) 127(9) 0 -34(5) 0 
C10 40(3) 43(3) 30(3) 9(2) 16(2) 10(2) 
C7 35(3) 42(3) 36(3) 6(2) 2(2) 17(2) 




Table I.4.7.4 Bond Lengths for ab52511_0m. 
Atom Atom Length/Å   Atom Atom Length/Å 
C1 C2 1.401(7)   C2 C7 1.503(7) 
C1 C6 1.403(7)   C6 C9 1.508(7) 
C1 N1 1.474(5)   C4 C11 1.523(6) 
C5 C4 1.381(8)   C9 C10 1.518(8) 
C5 C6 1.404(6)   C11 C41 1.523(6) 
C3 C4 1.388(8)   C7 C8 1.531(8) 
C3 C2 1.402(6)         
11-X,+Y,1/2-Z 
  
Table I.4.7.5 Bond Angles for ab52511_0m. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C2 C1 C6 123.6(4)   C1 C6 C9 124.2(4) 
C2 C1 N1 118.7(4)   C5 C6 C9 119.6(5) 
C6 C1 N1 117.6(4)   C5 C4 C3 119.6(4) 
C4 C5 C6 122.2(5)   C5 C4 C11 122.0(5) 
C4 C3 C2 121.4(5)   C3 C4 C11 118.4(5) 
C1 C2 C3 117.0(5)   C6 C9 C10 112.2(4) 
C1 C2 C7 121.3(4)   C41 C11 C4 116.9(6) 
C3 C2 C7 121.7(5)   C2 C7 C8 115.8(4) 











Table I.4.7.6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for ab52511_0m. 
Atom x y z U(eq) 
H1A 879 4079 -125 45 
H1B 1289 4288 -1435 45 
H1C 1398 4808 -87 45 
H5 4651 4033 761 42 
H3 3212 2537 2705 42 
H9A 2559 5052 -1453 44 
H9B 3670 4864 -1403 44 
H11A 4890 2443 3332 83 
H11B 5110 2443 1668 83 
H10A 3103 5724 917 55 
H10B 3605 6063 -338 55 
H10C 4217 5519 1021 55 
H7A 881 2950 688 48 
H7B 1096 3493 2175 48 
H8A 1662 1947 2285 74 
H8B 816 2282 2962 74 
H8C 1940 2489 3783 74 
  
Table I.4.7.7 Atomic Occupancy for ab52511_0m. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 











Table I.4.8.1 Crystal data and structure refinement for b13310. 
Identification code b13310 
Empirical formula C6H5Br4N 
Formula weight 410.75 
Temperature/K 100(2) 
Crystal system Triclinic 












Crystal size/mm3 0.20 × 0.14 × 0.12 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.5 to 59.98 
Index ranges -7 ≤ h ≤ 7, -7 ≤ k ≤ 11, -16 ≤ l ≤ 16 
Reflections collected 14009 
Independent reflections 2713 [Rint = 0.0252, Rsigma = 0.0210] 
Data/restraints/parameters 2713/1/105 
Goodness-of-fit on F2 1.094 
Final R indexes [I>=2σ (I)] R1 = 0.0726, wR2 = 0.2340 
Final R indexes [all data] R1 = 0.0781, wR2 = 0.2391 








Table I.4.8.2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for b13310. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Br1 2010.1(15) 7543.6(11) 4182.2(7) 7.8(2) 
Br2 6521(2) 14554.4(15) 3167.9(10) 19.8(3) 
Br3 -35(14) 12889(11) -947(3) 10.8(8) 
Br3' -706(12) 12761(12) -920(4) 10.8(8) 
Br4 -3171(3) 9642.7(19) 2871.8(13) 31.4(4) 
N1 2256(14) 11732(11) 4067(6) 8.6(13) 
C1 1649(16) 12027(11) 2885(7) 6.5(14) 
C2 3408(16) 13219(11) 2367(8) 7.8(14) 
C3 2843(19) 13454(12) 1233(8) 11.9(16) 
C4 470(20) 12490(13) 617(8) 13.5(17) 
C5 -1330(20) 11348(13) 1105(8) 13.2(17) 
C6 -741(17) 11106(11) 2244(7) 7.7(14) 
  
Table I.4.8.3 Anisotropic Displacement Parameters (Å2×103) for b13310. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Br1 5.3(4) 10.0(4) 7.2(4) 1.2(3) 0.4(3) 0.2(3) 
Br2 17.2(5) 19.3(5) 22.1(5) 3.0(4) 1.2(4) 3.3(4) 
Br3 13(2) 14.3(12) 6.8(5) 2.2(4) -0.6(9) 8(2) 
Br3' 13(2) 14.3(12) 6.8(5) 2.2(4) -0.6(9) 8(2) 
Br4 27.1(6) 32.5(7) 33.7(7) 4.9(5) 4.6(5) 5.2(5) 
N1 5(3) 14(4) 6(3) 4(3) 1(2) 0(3) 
C1 9(3) 6(3) 5(3) 2(3) -1(3) 3(3) 
C2 6(3) 8(4) 10(4) 2(3) 2(3) 3(3) 
C3 18(4) 8(4) 12(4) 3(3) 5(3) 7(3) 
C4 24(5) 15(4) 3(3) -2(3) -3(3) 12(4) 
C5 24(5) 11(4) 6(4) -2(3) -5(3) 10(3) 






Table I.4.8.4 Bond Lengths for b13310. 
Atom Atom Length/Å   Atom Atom Length/Å 
Br2 C2 1.840(9)   C1 C2 1.402(12) 
Br3 C4 1.909(9)   C2 C3 1.384(13) 
Br3' C4 1.908(9)   C3 C4 1.394(14) 
Br4 C6 1.797(9)   C4 C5 1.370(15) 
N1 C1 1.456(11)   C5 C6 1.393(12) 
C1 C6 1.400(12)         
  
Table I.4.8.5 Bond Angles for b13310. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C6 C1 C2 118.8(8)   C3 C4 Br3' 123.7(8) 
C6 C1 N1 119.7(7)   C5 C4 Br3 123.6(8) 
C2 C1 N1 121.5(7)   C3 C4 Br3 114.4(8) 
C3 C2 C1 121.0(8)   Br3' C4 Br3 10.5(2) 
C3 C2 Br2 117.4(7)   C4 C5 C6 119.2(9) 
C1 C2 Br2 121.6(7)   C5 C6 C1 120.4(8) 
C2 C3 C4 118.5(9)   C5 C6 Br4 118.1(7) 
C5 C4 C3 122.0(8)   C1 C6 Br4 121.4(7) 
C5 C4 Br3' 114.1(7)           
  
Table I.4.8.6 Torsion Angles for b13310. 
A B C D Angle/˚   A B C D Angle/˚ 
C6 C1 C2 C3 -1.8(13)   C3 C4 C5 C6 -1.7(15) 
N1 C1 C2 C3 178.2(8)   Br3' C4 C5 C6 -177.1(7) 
C6 C1 C2 Br2 177.2(6)   Br3 C4 C5 C6 177.9(7) 
N1 C1 C2 Br2 -2.8(12)   C4 C5 C6 C1 0.5(14) 
C1 C2 C3 C4 0.6(14)   C4 C5 C6 Br4 178.4(7) 
Br2 C2 C3 C4 -178.4(7)   C2 C1 C6 C5 1.2(13) 
C2 C3 C4 C5 1.2(14)   N1 C1 C6 C5 -178.8(8) 
C2 C3 C4 Br3' 176.0(7)   C2 C1 C6 Br4 -176.6(7) 





Table I.4.8.7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for b13310. 
Atom x y z U(eq) 
H1A 1269 12237 4528 13 
H1B 3995 12204 4309 13 
H1C 1882 10569 4102 13 
H3 4048 14255 883 14 
H5 -2958 10730 673 16 
  
Table I.4.8.8 Atomic Occupancy for b13310. 
Atom Occupancy   Atom Occupancy   Atom Occupancy 
























CSD CODE ORGANIC SOLVENT M:X:N 
DUBHIT 4-fluorophenylmethylamine 8.15 % 18-crown-6 1:4:2 
GOTVUI N,N’-diethylpentane-1,4-diamine 22.18 
% 
 1:4:2 
LOZDEL 4-acetylaniline 18.66 %  1:4:2 
WUTGAU 5-chloro-2,4-dimethoxyaniline 21.4 H2O 1:4:2 
 
CdCl6 + CdCl5 dimer 
CSD CODE ORGANIC SOLVENT M:X:N 
GOFVOO N,N,N-tris(2-ammonioethylamine) 
42.73% 
H2O, Free Cl- 1:3:1 
 
CdCl6 monomer 
CSD CODE ORGANIC SOLVENT M:X:N 
OBOCEP 3-methylaniline 14.28 % Free Cl- 1:6:2 
TESZAS 3-choroaniline 14.58 % Free Cl- 1:6:2 
UDOROW 3-(ammoniomethyl)pyridine 33.76 % H2O 1:6:2 
 
Hexameric Cluster 
CSD CODE ORGANIC SOLVENT M:X:N 





Hexameric Cluster with arms 
CSD CODE ORGANIC SOLVENT M:X:N 
WIYZAH Tert-butylamine 31.56% H2O  8:25:9 
 
Linear Trimer 






Linear single chain. Cl shared through corner sharing not ~160 
CSD CODE ORGANIC SOLVENT M:X:N 
AWOWAL 2,4,6-trimethylaniline 15.41 %  1:5:3 
ECEBET 4-bromoaniline 18.33 %  1:5:3 
 
Zig zag single chain. Cl shared through corner sharing ~130 
CSD CODE ORGANIC SOLVENT M:X:N 
COVVUG Cyclohexylamine 22.09 %  1:4:2 
ZEDLAX 1,4-diaminecyclohexane 32.80 %  1:4:2 
 
Zig zag single chain. Cl shared through edge sharing 
CSD CODE ORGANIC SOLVENT M:X:N 
PICZOS 2,4-dianiliniumtoluene 33.63 %  1:4:2 
VAHTIH N,-methylethylenediamine 40.97 % H2O 1:4:2 
 
A147
 Linear single chain. Cl shared through face sharing 
CSD CODE ORGANIC SOLVENT M:X:N 
FIWJOM Cyclopentaniline 30.80 %  1:3:1 
 
Chain of CdCl6 octahedra forming a double to single wide chain through 
edge sharing chlorides 
CSD CODE ORGANIC SOLVENT M:X:N 
MAQCUD N-methyltheylenediamine 43.42 % H2O 1:3:1 
 
Chain of CdCl6 octahedra forming a double wide chain through edge sharing 
chlorides 
CSD CODE ORGANIC SOLVENT M:X:N 
MUDMUU 4-ammoniumethylpyridine 43.83 % H2O 3:10:4 
ZOBFEB Ethylammino-2-ethylamine 43.98 % H2O 3:10:4 
 
Linear single chain. Cl shared through corner sharing ~180 
CSD CODE ORGANIC SOLVENT M:X:N 
RISZAV Sulfamethoxazolium 15.68 % H2O 1:4:2 









CSD CODE ORGANIC SOLVENT M:X:N 
DITLID Dodecylamine 12.37 %  1:4:2 
EAMCDC Ethylamine 32.55 %  1:4:2 
EGUFOC 2,7-diammoniofluorene 24.85 %  1:4:2 
HEZYAM N,-ethylethylenediamine 28.79 % Free Cl- 1:4:2 
HIDPIT 2-methylpentane-1,5-diamine 30.37 %  1:4:2 
IPOBIA Cyclohexylmethylamine 19.62 %  1:4:2 
KEVCOE Benzidine 25.27 %  1:4:2 
KEVCUK 4,4’-diaminostilbene 21.86 %  1:4:2 
LAPDIP Propargylamine 31.37 %  1:4:2 
MATCCD Methylamine 37.30 %  1:4:2 
PRDACD Propylenediamine 37.48 %  1:4:2 
RIVZIF Phenylethylamine 18.60 %   1:4:2 
WOQNOG Ethyl, 1,2-diamine 42.84 %  1:4:2 
XASKAF 4-methylphenylamine 20.39 %  1:4:2 
XASKEJ 4-methoxylmethylamine 19.25%  1:4:2 
ZEXHUF 4,4’-oxy-dianiline 24.08 %  1:4:2 
ZIKFOO 4-nitroaniline 21.24 %  1:4:2 
ZITTOL 1,4-benzenedianiline 35.12 %  1:4:2 
CAMRIU 3-carboxypropamine 23.70 %  1:4:2 
KOYKAK Tert-butylamine 35.23 %  1:4:2 
PRACDC n-propylamine 28.05 %  1:4:2 
TEDFOZ Undecanamine 13.04 %  1:4:2 
IPIYIR Cyclohexylmethylamine 19.10 %  1:4:2 
 
Linear timer connected to the next  
CSD CODE ORGANIC SOLVENT M:X:N 
EGUFUI Aniline 29.17 %  3:10:4 
QOHGUR Cyclopentananiline 29.00 %  3:10:4 





CSD CODE ORGANIC SOLVENT M:X:N 
KEVDAR 3,3’-dimethylbenzidine 17.96 % Free Cl- 1:4:2 
ZOZKEE 2-methyl-4-nitroaniline 18.95 %  1:4:2 
Double wide chains connected to each other to form a layer  
CSD CODE ORGANIC SOLVENT M:X:N 





















III. 1 Cone Angle Calculations 
The cone angle for the group in the ortho position has been calculated using the 
method established by Mϋller.11 This method uses the atomic centers of each atom 
instead of the surfaces of the van der Waals spheres of each atom (Tolman).12 This 
method allows the calculation to be based off of actual x-ray structures rather than 
idealized molecular models or geometries developed from molecular mechanics. In order 
to calculate the cone angle for these complexes, crystallographic data for each molecule 
is used. The half angle, θi, is calculated according to Equation III.1.1. 
  






                                    Equation 
III.1.1. 
 
Where α is considered to be the angle between the alpha carbon, the carbon 
attached to the phenyl ring and each hydrogen atom (Figure III.1.1), d is the distance 
from the phenyl carbon to each of the hydrogen atoms on the organic substituent (Figure 
III.1.1). Finally, rH is the van der Waals radius of hydrogen. The half angle, θi, is 
calculated for each hydrogen, allowing for the calculation of the crystallographic cone 
angle, θ, using Equation III.1.2.  
                                          𝜃 =
2
3
∑ 𝜃𝑖𝑖                                        Equation III.1.2. 
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BEJJOP 1.418 P21/n 1:4 1:2 (P) 2199.0
8 




1.781 Pbca 1:4 1:2(=N) 1645.9
8 












1.705 P-1 1:4 1:2(=N) 498.84 46.84 198.05 18.6 249.36 249.36 None 217.63 164.47 43.043
71 
CINCDC 1.602 P212121 1:4 1:2(=N) 1157.6
1 




1.7 Pbca 1:4 1:2(-=N) 1717.5 44.08 792.79 20.35 214.8 107.41 None 217.6 130.98 37.575
31 
FIKJEP 1.633 P-1 1:4 1:2(?) 2296.4
1 
58.54 197.97 5.05 795.09 397.59 None 837.25 458.06 35.362
96 








1.935 P21/c 1:4 1:2(-=N) 541.06 38.69 396.32 28.34 135.38 135.38 None 
   
HOFFO
Z 
None P212121 1:4 1:2(=N) 458.85 35.21 396.87 30.45 100.66 100.66 None 
   
JELFEM 1.337 I2 1:4 1:2(=N) 2161.5
3 
42.25 793.47 15.51 540.58 136.57 None 719.25 33.04 4.3919
23 








1.835 C2/c 1:4 1:2(=N) 1423.8
9 




1.394 P21/C 1:4 1:2(P) 3087.3
7 








1.62 P21/c 1:4 1:2(=N) 2294.0
6 
57.76 395.88 9.97 520.97 261.58 None 502.11 239.16 32.263
55 
QUVJEX 1.506 Pbca 1:4 1:2(=N) 3251.9
3 
51.29 791.54 12.48 390.22 196.24 None 394.03 164.34 29.432
1 
A154
QUVJIB 1.481 Cc 1:4 1:2(=N) 3119.8
5 




1.582 P21/c 1:4 1:2(=N) 1315.4
9 




1.364 P-1 1:4 1:2(=N) 1636.0
6 
55.74 198.01 6.75 759.28 359.36 None 551.19 455.69 45.257
63 








1.433 C2/c 1:4 1:2 1703.4
1 
40.08 793.06 18.66 212.88 106.5 None 
   
ULAPIH 1.993 P21/c 1:4 1:2 391.22 32.58 396.06 32.98 81.82 81.82 None 
   
USEZEY 1.836 P-1 1:4 1:2(=N) 307.46 39.85 197.64 25.62 153.64 153.64 None 111.98 160.77 58.944
09 
VEJNAA 1.603 P21/n 1:4 1:2(=N) 1740.3 53.66 396.59 12.23 435.09 218.08 None 155.83 434.78 73.615
41 








1.409 I-4 2d 1:4 ? 3658.2
2 
57.87 397.98 6.3 1151.1
9 
235.57 None 
   
WEWN
ET 
1.609 P21/c 1:4 1:2(=N) 1090.2
8 




1.66 P-1 1:4 1:2 680.32 49.6 198.46 14.47 294.46 147.28 None 342.2 161.95 32.123
38 
XIZYAH 1.727 C2/c 1:4 1:2(=N) 1104.2
2 




1.209 P21/c 1:4 1:2(=N) 2415.7
9 
50.93 395.83 8.34 603.91 301.94 None 564.36 159.4 22.023
88 
YIDMEE 1.511 P21/c 1:4 1:2(=N) 2017.8
5 




1.897 P21/n 1:4 1:2(=N) 675.85 41.2 396.11 24.15 168.82 168.82 None 205.93 83.54 28.859
64 
ZINXEB 1.693 P-1 1:4 1:2(P) 686.53 50.97 198.21 14.71 328.42 164.86 None 315.6 165.1 34.345
75 
ZOZKEE 1.774 Pnma 1:4 1:1(N) 
1:1(=N) 




1.792 P-1 1:4 1:2(=N) 262.61 35.56 198.03 26.81 135.25 135.25 None 
   
AB2313 0.111 C2/c 1:4 1:2 2065.9
3 




1.8 P21/n 1:5 1:2(=N) 977.09 45.19 487.11 22.53 227.93 None 299.91 88.5 22.785
2 
None 








1.348 P-1 1:6 1:2 889.88 54.23 144.26 8.79 402.8 100.86 None 344.32 311.09 47.464
95 
















1.51 P-1 1:3 1:1(P) 1277.1
8 




1.928 P-1 1:3 1:1 369.96 44.15 198.95 23.74 169.19 169.19 None 196.34 202.23 50.738
89 
FOBLAK 2.029 P21/c 1:3 1:1 656.43 44.43 397.09 26.88 163.96 163.96 None 217.77 179.77 45.220
61 
IHIKOA 1.252 P-1 1:3 1:1 744.6 45.4 154.72 9.43 372.43 373.43 None 421.93 131.54 23.766
42 








1.903 P21/c 1:4 1:1 1098.9
9 
















33.9 150.01 52.74 None 3959.5 49.56 1.2362 
KEVDE
V 
1.656 P4/mnc 3:10 3:4 2362.8
4 























































































Appendix V  
Mass Spectrometry Data 
A167





V.1.4.  2,4-dibromo-6-isopropylammonium bromide•water
A169
V.1.5.  4-amino-3,5-dibromobenzophenone
V.1.6.  4-bromo-2,6-diisopropylanilinium bromide•0.4bromine
A170
V.1.7.  3,4,5,6-tetrabromobenzene-1,2-diol
A171
